Optimum investment development strategy by Jiron-Cajina, Rolando
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1982
Optimum investment development strategy
Rolando Jiron-Cajina
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Economics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Jiron-Cajina, Rolando, "Optimum investment development strategy " (1982). Retrospective Theses and Dissertations. 7048.
https://lib.dr.iastate.edu/rtd/7048
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again—beginning below the 
first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 
Universi^  
Micrcxilms 
International 
300 N. ZEEB RD., ANN ARBOR. Ml 48106 

822U96 
Jîron-Cajina, Rolando 
OPTIMUM INVESTMENT DEVELOPMENT STRATEGY 
Iowa Suae University PHJD. 1982 
University 
Microfilms 
I ntern&tion&l 300X.ZeebRoatAnnAibor.MI48106 

Optimum investment development strategy 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Economics 
Rolando Oiron-Cajina 
Approved: 
n Charge of Major Work 
For the Major Department
For the Graduate'Col1ege 
Iowa State University 
Ames, Iowa 
1982 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION AND OVERVIEW 1 
Overview 4 
Problem Definition 7 
Organization of the Study 12 
CHAPTER II. RESEARCH METHODOLOGY: AGRICULTURAL TECHNOLOGY 
STUDY AND STATISTICAL METHODS 14 
Conceptual Framework for Data Collection 14 
Statistical Methods Used in the Analysis 24 
CHAPTER III. RESULTS TO THE ANALYSIS OF PRODUCTION TECHNIQUES 32 
Corn: Analysis of Production Techniques 34 
Single Classification Analysis 35 
Discriminant Analysis 42 
Production at the Ecosystem Level 43 
Beans: Analysis of Production Techniques 48 
Implications of the Results 51 
Estimation of the Potential Increase in Agricultural 
Production 53 
CHAPTER IV. ESTIMATION OF THE SYSTEM OF CENTRAL PLACES IN 
GUATEMALA 60 
Theories on Economic Organization of Space 61 
Central Place Studies in Guatemala 67 
An Updated and Refined Central Place Hierarchy for 
Guatemala 74 
Observations on the Hierarchy of Cities in Guatemala 82 
i i i  
Page 
CHAPTER V. DETERMINATION OF THE SPATIAL DISTRIBUTION OF 
DEVELOPMENT INVESTMENT PRIORITIES 88 
Definition of the Spatial Distribution of Public Investment 
Priorities 91 
Multi-dimensional Investment Priorities 115 
Using Felt Needs as Weights for the Composite Investment 
Priority Index 122 
Summary and Evaluation 128 
CHAPTER VI. MULTIPLE GOAL PROGRAMMING MODEL FOR DEVELOPMENT 
INVESTMENT DECISION MAKING 133 
Goal Programming 133 
The Weighting Method 136 
Formulation of a Model for Public Investment Analysis in 
Guatemala 138 
Model Solution #1 144 
Model Solution #2 152 
The Location of Investments and the Hierarchy of Central 
Places 153 
CHAPTER VII. SUMMARY AND EVALUATION 176 
BIBLIOGRAPHY 189 
ACKNOWLEDGMENTS 194 
APPENDIX A 195 
APPENDIX B 202 
APPENDIX C 209 
APPENDIX D 210 
1 
CHAPTER I. INTRODUCTION AND OVERVIEW 
Economic development is the preoccupation of most nations. A great 
amount of effort is spent by academicians in trying to determine the 
ingredients and causes of development. An equal amount of effort is 
put forth by government technicians in identifying the particular 
constraints that may be preventing their respective countries from 
embarking on a strong and self-sustaining development process. In 
developing countries, in particular, this process generates a large 
amount of data that lacks a unifying thread. Data and results from 
separate studies are not pulled together in a meaningful manner to 
effectively aid in the process of development investment decisions. 
For years, I have witnessed and participated in several agricultural 
sector analyses that culminated in voluminous reports that very few 
people read and much less put to use. For the most part, such reports 
contained an enormous number of statistical tables and appendices that 
only served as the bases for the arguments presented in their body. 
Very little effort was spent in utilizing the information available 
to structure a system by which alternatives could be evaluated in a 
speedy and appropriate form. 
It is a well-known fact that economic policy decision-making 
needs to be backed up by an adequate statistical information system. 
However, processed but unstructured data does not aid in the prompt 
evaluation of alternatives. Knowledge of the possible outcomes of 
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policy decisions may not only alter the decision itself, but in most 
cases it is a powerful tool for delineating the best strategy to 
follow. 
This dissertation is % attempt to turn a large body of data into 
a system capable of serving as an instrument for economic policy 
analysis. The data used were generated by the Integrated Study of 
Rural Areas conducted in Guatemala. Information on rural physical 
and social infrastructure, agricultural output potential, the 
hierarchical organization of central places and local participation was 
combined in a decision-making system that illustrates graphically (by 
means of maps) the spatial distribution of potential development 
investments. 
For each county (muni ci pio) in the study area, the need for roads, 
health and education delivery infrastructure, water and electricity 
distribution systems as well as potential increase in agricultural 
output (corn and beans) was ascertained. Depending on the level of 
need for the services indicated, each county was assigned an investment 
priority rank. The same was done for the potential increase in 
agricultural production. For the latter case, the ranking indicates 
the extent to which potential output exceeds present output. The 
priority for physical investment (education, health, etc.) and potential 
increase in agricultural production was combined into a single index: 
the multidimensional investment priority index. Those counties where 
need and potential for increase in agricultural output coincide will 
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show a high multidimensional investment priority index. Using a 
multiple goal programming model, the spatial distribution of investments 
is determined later given the counties' requirements and the physical 
and financial constraints of the government. The hierarchical organiza­
tion of central places was then utilized as a guiding element in the 
location of investments influencing hinterlands. Schools and health 
posts fall into the category of hinterland influencing investments 
because their area of influence transcends the place in which they 
are located. 
Most of the emphasis was placed on the development of the 
methodologies and mathematical models that could serve for decision­
making. Given the nature of the decision-making process, the system 
was laid out with an enormous amount of inherent flexibility, thus 
more specific data and particular needs could easily be incorporated. 
In essence, rendering a large amount of data into a policy 
analysis tool constitutes the main thrust of this work. I directed 
and analyzed the study on agricultural production technologies which is 
described in later chapters. Other pieces of information were produced 
by other surveys conducted within the Integrated Study of Rural Areas 
in Guatemala. A comprehensive view of the purposes and components 
of the present study is presented in the next section. It is hoped 
that with this knowledge in hand, the reader will grasp each chapter 
as it fits into the study as a whole. 
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Overview 
Through 1980-81 I was part of a multidisci plinary team from Iowa 
State University that served as advisors to the Government of 
Guatemala's Estudio Integrado de Areas Rurales (Integrated Study of 
Rural Areas). This study covered three-fourths of the country's 
territory and it owed its integrated nature to the fact that it dealt 
with aspects such as rural physical and social infrastructure, 
agricultural productivity, local participation, and spatial distribution 
of cities and economic activity (see Figure I-l). The project study 
area is comprised of roughly 60,000 square kilometers in the highlands 
of Guatemala and contains the poorest two-thirds (209 of 326) of the 
counties in the country. The study area has the lowest literacy 
levels, the lowest incomes, the least amount of infrastructure, and 
the highest proportion of indigenous population in the country. The 
total population in the study area is about 4 million compared to 
approximately 7 million for the entire country. 
For implementation purposes, the general study was divided into 
several sub-studies, each one being the responsibility of the Guatemalan 
institution that had the most expertise with the topic. Hence, the 
agricultural productivity study was to be carried out by the Unit of 
Projects and Studies of the Ministry of Agriculture (UEP); the inventory 
of rural physical and social infrastructure by the Institute for the 
Development of Municipalities (INFOM); and the development of a 
methodology to integrated the component studies by the National Planning 
Office (SEGEPLAN). 
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Guatemala 
m 
22 study area 
Figure I-l. Study area of the integrated study of rural areas 
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The Integrated Study of Rural Areas was partially funded by the 
Agency for International Development (USAID). One of its purposes was 
to serve as a benchmark study of the development level of the rural 
population residing within the study area. In assessing the development 
level, the rural inhabitants' access to basic services and the realized 
potential for agricultural production of the land at their disposal 
were given primary consideration. 
The availability of basic services was evaluated by taking an 
inventory of the rural physical and social infrastructure. Gauging 
the access to those services by the rural population required a study 
of the hierarchy of central places within the study area. Urban 
settlements play the role of central places when they provide population 
conglomerates in their vicinity with the goods and services not available 
in the geographical area in which the latter are located. Thus, the 
spatial distribution of central places can serve as a good indicator 
of the degree of accessibility by the rural population to basic services. 
In order to determine the extent to which actual agricultural 
production approached potential output, it was necessary to evaluate 
the resources managed by the rural population. Land, water and 
agricultural production were appraised in order to specify areas 
where potential for increases in output was the greatest. That is, 
areas where the realized potential for agricultural production was the 
lowest. 
By virtue of these two bodies of information, government officials 
as well as AID personnel were to be provided with the basis for 
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formulating development investment programs and a system to prioritize 
infrastructure and agricultural production investments among competing 
geographical areas. 
Problem Definition 
This dissertation develops a decision-making tool to guide 
Guatemalan decision-makers in the setting of development investment 
priorities in the study area. With the idea of integrated rural 
development and the nature of the decision-making process in mind, a 
multiple goal programming model was structured. The model utilizes 
information on counties' (muni ci pios') potential increase in output 
and their requirement for physical and social infrastructure. This 
provides decision-makers in Guatemala with the spatial allocation of 
investments that maximize goal achievement given that weights are 
attached (as a reflection of their preferences) to the realization of 
potential agricultural production and the satisfaction of unmet demands 
for health, education and road services. 
In his book. The Organization of Space in Developing Countries, 
E. A. J. Johnson writes: "The neglect of central place analysis in the 
planning techniques of underdeveloped countries is doubly unfortunate: 
opportunities are lost, and resources are devoted to less than optimal 
uses, perhaps far less." One cannot fail to see the need to use the 
element of space in development investment decision-making. In trying 
to improve the health level of the population, a government can reach 
its objectives (and with fewer resources) if a number of health posts 
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are situated at adequate locations. Those locations generally exert 
influence on surrounding areas (the hinterland). The need to incorporate 
space in decision-making led to the use of the centrality of places and 
the linkages among places as additional ingredients and as strong 
contributors to decision-making. An idea as to how space is incorporated 
into the model is provided with the example that follows. 
Let's assume that for a given geographical area we have determined 
the existence of three places with a certain detree of centrality. A 
settlement is said to have centrality if it exerts a certain pull on 
the surrounding area and places by virtue of the type of services it 
offers or the economic, social and cultural role it plays. These 
places are indicated as I, II and III in Figure 1-2. Small villages or 
concentrations of rural communities are denoted by letters and the 
direction of the arrows indicates the central place that provides them 
with a given bundle of goods or services. For instance, the village 
denoted by H acquires goods and services from central places I, II 
and III; while village E obtains them from central place II only. 
This network of relationships indicates that the population of 
villages A and B can be provided with education services from either 
central places I or II and the population in village H can be served 
from central places I, II or III. Given the objectives of decision­
makers, the available resources and the need for additional services 
in the different locations, investment could take place in I, II or 
III or in a combination of the three. 
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Figure 1-2. A system of central places and their linkages 
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In the same vein, the potential for agricultural production 
increase is incorporated in the following manner. A map containing 
the expected agricultural output increase for the same geographical 
area can be superimposed on our previous central places map. The 
result will look like Figure 1-3. Suppose that to reach the potential 
level of output, additional fertilizer and credit need to be made 
available to farmers. The justified size of a credit agency or of the 
agricultural inputs warehouse will vary if located at the village level 
or at one of the determined central places. Undoubtedly, more ample 
reach is achieved at a central place location, but here again, a 
different span of influence results if situated at central place I, 
than at II or III. 
Investments in rural education, feeder roads and storage facilities 
(to mention a few) can be thoroughly analyzed in the context of the 
central place concept and a potential increase in agricultural output. 
For instance, central place hierarchy might guide the location of 
schools while potential increase in output might dictate the type of 
agricultural programs to emphasize. A program to realize the potential 
output of a geographical area may carry additional needs for storage 
facilities and roads. This methodology makes development projects 
evident and it also allows the analysis of their pre-feasibility and 
complementarity with other areas. 
The component parts of the model require that agricultural output 
potential be estimated and that the linkages and centrality of places 
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Finure 1-3. Superimposition of agricultural output increase and central 
place system 
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be determined. The organization of this study follows the development 
of the required informational base that is to be incorporated within 
the decision-making system. 
Organization of the Study 
Chapter II is intended to describe the general approach used in 
the collection of the data for the study of agricultural production 
methods. These data provided the required information for the estimation 
of the potential increase in agricultural output. A general review of 
the statistical methods used in the analysis of the data is also 
included. 
The exposition of the results of the study on agricultural 
production technology makes up Chapter III. Central place theories 
and studies on the subject done in Guatemala are summarized in 
Chapter IV. This chapter also describes the determination of central 
place hierarchies and linkages using the data gathered in the Integrated 
Study of Rural Areas. 
The core of the study is composed of the decision-making methodology 
presented in Chapter V. The first part of the chapter describes the 
methodology utilized to specify the demand gap for physical and social 
services infrastructure. These needs are then used to define the 
spatial distribution of investment priorities. A multiple goal 
programming model is structured in Chapter VI to define these priorities 
given the financial constraints of the government. Finally, the 
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hierarchy of central places is used to define the location of schools 
and health posts in a selected department. 
Chapter VII concludes this study with an evaluation of the whole 
system and some ideas for its uses and further improvements. 
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CHAPTER II. RESEARCH METHODOLOGY: 
AGRICULTURAL TECHNOLOGY STUDY AND STATISTICAL METHODS 
The general purpose of this chapter is to outline the methodological 
approach utilized in the data collection facet of the agricultural 
technology study. A section is also included on the statistical methods 
used in the analysis of the data obtained. 
Conceptual Framework for Data Collection 
The whole data collection effort was directed toward fulfilling 
the primary objective of the agricultural-production-methods study: 
to detect different levels of yield and the corresponding production 
methods presently used by Guatemalan farmers. By looking at the 
different yields obtained by the farmers applying specified production 
methods within defined bioclimatic zones, an estimate of potential 
increase in agricultural output can be estimated if all producers were 
to obtain the best yields for their condition. 
An estimation of potential increase in output can be derived by 
simply applying to the cultivable land of an area, the yield that could 
be obtained if the best found package of inputs and production methods 
were used. The input combination and production methods needed for 
such estimation can be obtained from three sources: a) agricultural 
production technologies that have proven successful in other countries; 
b) technologies prescribed by the in-country experiment stations; and 
c) improved technologies presently being applied by the indigenous 
producers. 
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Agricultural workers know all too well the somber results of the 
introduction into their countries of technological production packages 
that have proven to be successful in other countries. Lack of adaptation, 
physical as well as cultural, has been for the most part responsible 
for such results. A similar kind of problem becomes apparent with the 
use of results from the in-country experiment stations. In this case, 
lack of adaptation to the specific conditions in which production takes 
place is the main cause of the problem. The third possible source of 
agricultural production packages is devoid of the problems outlined 
for the first two, nonetheless, it is the most difficult to implement. 
The difficulty stems from the fact that it implies extensive study of 
the production methods and input combinations as they are applied in 
the field. But on the other hand, the estimated increment in 
agricultural output is much more reliable because it incorporates 
production methods and input combinations that not only have already 
been adapted to specific conditions but are also being applied i_n the 
country by the indigenous population. 
The estimated potential increase in agricultural output constitutes 
a very important component of the process of prioritizing development 
investments. The importance of having a reliable piece of information 
in this area led to the decision to proceed with the most involved 
but at the same time most reliable method, i.e., studying domestic 
agricultural production technologies. 
Studying domestic agricultural production technologies for the 
purpose of estimating potential increases in agricultural output runs 
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the risk of coming up with only marginal potential output increases. 
Potential for agricultural output increase will always exist even if 
we look within the country for the techniques to produce it. The 
extent to which this procedure will yield significant improvements 
depends on how fast yields and production techniques have changed in 
different areas within the territory. Although change in agricultural 
production methods takes place even in the absence of institutional 
modernization efforts, the many years of agricultural extension in 
countries like Guatemala very likely have permeated domestic agricultural 
technologies giving credence and support in the attempt at finding 
within the same country, improved production methods that will result 
in appreciable potential increase in agricultural production. 
The existing production methods in countries with a long history 
of agricultural extension are not totally modern. Invariably, a 
coexistence of traditional and modern production techniques and inputs 
is observed; each one being applied in the phase of cultivation where 
it has been proven to give the best results. In other words, modern 
inputs and production techniques have been adapted and absorbed after 
a series of transformations that have made them acclimated to the 
physical and cultural environment where they are applied. 
The search for improved production methods required a clear 
definition of what "improved" meant. Considering the final uses of 
the data, it was assumed that higher yields were synonymous with 
improved production techniques. Immediately then, a methodological 
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complication was introduced. Yields of a given crop can vary not only 
due to differences in the methods of production, but also to differences 
in climate, soil, access to modern inputs and the capacity to experiment 
with them. The recognition of this complication led to the necessity 
of refining the data collection procedure in order to ensure that the 
observed yield differences were not the result of the farmers producing 
under different environments. Thus, measures were required to control 
for the environment under which agricultural production was taking 
place so that yield differences could be attributed with a greater 
degree of certainty to production technology. 
The definition of similar environments was achieved through the 
use of two maps that had been previously developed, as part of a 
natural resources study, by the Unit of Projects and Studies of the 
Ministry of Agriculture of Guatemala. The maps were: a) bioclimatic 
zones map; and b) soil management phases map. 
The map of bioclimatic zones contained a total of 11 zones. Each 
zone was defined in terms of land areas that shared similarity in three 
characteristics, viz: average annual temperature in degrees centigrade; 
annual rainfall in millimeters; and ratio of rainfall to potential 
évapotranspiration. A complete description of the bioclimatic zones 
is included in Appendix A. As an illustration, the temperate dry zone 
with vegetation of dry subtropical forest was defined by the following 
parameters: average annual temperature = greater than 24 degrees centi­
grade; annual rainfall = 500-1,000 millimeters; ratio of rainfall to 
potential évapotranspiration = 1:1-2. 
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On the other hand, the map of soil management phases delimited 
three categories. Land areas were categorized as belonging to a given 
phase according to the following soil characteristics: slope, relief, 
soil depth, texture, permeability, erosion, natural drainage, and aquifer 
level. Idem with the bioclimatic zones only an illustration of a soil 
management phase will be included here. Interested readers are referred 
to Appendix A. The soil management phase 1 exhibits the following 
characteristics: slope: 0-4%; relief: flat to hilly; soil depth: 
deep to very deep; texture: average to fine or slightly coarse; 
permeability: good; erosion: imperceptible to moderate; drainage: 
natural drainage with occasional to infrequent flooding danger. 
Natural drainage is in balance; aquifer level: deep to very deep. 
The overlay of these two maps produced a delineation of areas 
where the "environment" for agricultural production was essentially 
the same. These areas were denominated ecosystems. Each ecosystem (30) 
is thus the result of a unique combination of soil and climate. Areas 
belonging to a given ecosystem varied in size. Also, the same ecosystem 
could be found in two spatially separated regions of the country. In 
other words, ecosystems were not contiguous expanses of territory but 
rather appeared as scattered patches of different sizes (see Map II-l). 
A third map (present land use) was additionally superimposed on 
the ecosystems map in order to determine the types of crops being 
produced within the boundaries of each ecosystem. The present land use 
was defined in terms of annual crops and permanent crops. Finally, the 
Map II-l. Illustration of the spatial distribution of ecosystems 
LEGEND: 
Soil management Phase I 
Soil management Phase II 
Soil management Phase III 
Letters correspond to ecosystem names 
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crops and the environment (ecosystem) provided the sampling framework 
on which the agricultural technology study was conducted. 
The data collection procedure used in the agricultural technology 
study allowed to control for the influence of the environment (soil 
and climate) on the level of yields obtained by farmers located in 
the same ecosystem/crop combination. The next step was to devise a 
questionnaire that would primarily focus on those production techniques 
most likely to result in different yield levels. An exploratory 
sampling was conducted in order to assemble information on the 
production activities that were impinging more crucially on yields. 
This step took the form of unstructured interviews in which the 
enumerators (agronomists) made qualitative observations after completing 
their conversations with the farmers. The presampling inquiry 
generated a series of variables that were pinpointed as causing the 
greatest difference in yields among the farmers interviewed. This 
information was later incorporated into the second step: the structured 
sampling questionnaire. 
Keeping in mind that the estimation of potential agricultural 
output increase was the main product of the study, the sample was 
stratified in order to obtain two levels of yield: medium and high. 
The definition of medium and high yields was specified using the 
Guatemalan 1964 Livestock and Agriculture Census as well as the 
information recorded in the exploratory sampling. 
In the selection of the interviewee, the possibility still 
existed that the yield obtained the previous year had been high 
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or low due to fortuitous factors. In such a case, the reported level 
of yield could not be totally ascribed to the production techniques 
applied- In order to lessen the occurrence of this error, the 
interviewee was inquired about the yields of the last three years. 
The enumerator calculated the average of those yields and used the 
resulting calculation to classify the farmer into the medium or high 
range of yields. 
The production system a farmer uses is intimately related to his 
economic condition. Thus, small-farm operators risk their survival 
and that of their family when experimenting with new (modern) production 
methods or new inputs. On the other hand, economically stronger 
farmers solely dispense with part of their profits if the equivalent 
experiment fails. As a result of these theoretical considerations, 
two sizes of farms were targeted in the sampling procedure: small 
and medium-sized farm operations. Small farms were those between 
0.35 to 5.0 Hectares; medium-sized farms ranged between 5.01 to 46.0 
Hectares. Furthermore, the bulk of the results and recommendations 
were geared towards improving the small and medium-sized farmers' lots. 
This was an additional consideration in the decision to concentrate the 
analysis on these two groups. 
The sample size was determined, to a certain extent, by time and 
resource constraints. A total of 385 observations were made. This 
number was determined by the following procedure: in each one of the 
30 ecosystems determined, a total of two observations were made on each 
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level of yield (medium and high). For each level of yield, the 
agricultural production techniques applied in medium and small-sized 
farms were studied. Additionally, a total of 10 crops were included 
in the study. The selection of these crops was based on the following 
criteria: a) the crop had to be produced on an extensive number of 
small and medium-sized farms; b) the crop had to be an important food 
source for the populace; and c) the crop had to exhibit good marketing 
prospects as well as the possibility of substituting the production 
of other crops in alternative sites of the study area. 
As mentioned previously, the questionnaire was developed making 
use of the information supplied by the exploratory sampling and after 
extensive discussion and testing by a multidisci pli nary team made up of 
agronomists, veterinarians and economists. Substantial emphasis was 
placed on focusing on only those variables that defined different 
agricultural production techniques, hence farmers were not asked 
whether or not they did preplanting soil preparation but the method 
and period when they did it. The questionnaire was structured in 
sections, each one covering a specific aspect in the production process 
of the crop. Those sections were: a) soil conservation practices; 
b) preplanting soil preparation activities; c) seed planting; d) crop 
care activities (fertilization, weedings); and e) production for the 
last three years. A copy of the final version of the questionnaire 
is included in Appendix B. 
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Statistical Methods Used in the Analysis 
This section was included in order to present the theoretical bases 
of the statistical methods applied in the analysis of the impact of 
production techniques on yields. These methods include one-way and 
two-way analysis of variance and discriminant analysis. 
One-way analysis of variance 
The one-way analysis of variance is used to decide whether the 
observed differences among the sample means are due to chance or 
whether those differences are truly real. 
The model for fixed-effects assumes that each observation is 
generated by the following model: 
where 
Y^j is the value of the response variable in the ith trial for 
the jst factor 
y. is the overall mean and is assumed to be a component common to 
all observations 
Tj represents the effect of the jth factor level. It represents 
the deviation from treatment group mean. 
E .j is a random variable from a normally distributed population 
2 
with mean 0 and variance a . 
The variability of the response variable not using any 
information about the factor levels, can be measured by its deviation 
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around the overall mean (Y"..). When the information about the factor 
levels is used, the remaining variability is that of the deviation of 
each observation (Y\j) around its respective factor level mean (Y.j). 
The subtraction of the second from the first yields the difference 
between the factor level mean (Y.j) and the overall mean (T..). 
(1) (Y^ j  - Y . . )  - (Y. j  - Y. j )  = (Y. j  - Y..) 
or 
(2) Y. j  - Y..) = (Y. j  - T..) + (Y. j  - Y. j )  
squaring (2) and summing over all observations and factors we obtain: 
IZ (Y.. - Y..)^ = Z n. (Y.. - Y..)^ + ZZ (Y.. - Y..) 
ji iJ j ^ ^ ji ^ 
The term on the left of the equal sign is called the total sum of 
squares (SSTO). The first term on the right is called the treatment 
sum of squares (SSTR); the second, error sum of squares (SSE). 
The analysis of variance develops from the fact that we can make 
three different estimates of the variance (o ), The first estimate is 
the mean square deviation of each observation from the overall mean 
(MSE). The second estimate is computed by the mean square deviation of 
each observation from its respective mean (MSTR). Finally, a third 
estimate is provided by mean square deviation of the group means from 
the overall mean (MSTO). The standard practice is to compute the 
first and second estimates, the third is obtained by subtraction. 
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It can be shown (34,444-447) that: 
E(MSE) = 
E(MSTR) = 2 
The ratio of two independent chi-square random variables is 
distributed according to the F distribtuion (14,273). Hence, the ratio 
E(MSTR)/E(MSE) 
is also distributed as F, since each variable in the ratio is distributed 
as chi-square. 
The F distribution is used to test the hypothesis that the factor 
level means are equal or what is the same, that all factor level effects 
are equal to zero (t^ =0). In fact, under the null hypothesis: "the 
factor level effects are all equal to zero" (x-j = xg = ••• = Tj = 0), 
the value of F should be around 1. This is so because E(MSTR) = a and 
E(MSTR) _ 2 = 1 
E(MSE) o2 
On the other hand, when the factor level effects (tj) are very different 
from zero, the value F will be greater than 1 and the null hypothesis 
rejected. 
Two-way analysis of variance 
The mathematical model for the two-way classification with no 
interaction can be denoted as: 
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Yji - y + Ti + gj + Eij 
Here y is the overall mean, the treatment T main effects (x^^) are 
constrained to Z t  .  = 0 ,  t h e  t r e a t m e n t  B  m a i n  e f f e c t s  ( g ^ )  a r e  a l s o  
constrained to zg ^ = 0 and are normally distributed random variables 
2 
with mean zero and common variance o . 
For the two-classification analysis of variance» the total sum of 
squares (SSTO) is still divided into the treatment sum of squares (SSTR) 
and error sum squares (SSE). Nevertheless, the treatment sum of squares 
is further subdivided into the treatment T mean effect and treatment B 
main effect when no interaction is present. Thus, 
(3) (Y... - Y...) = (Y... - Y...) + (Y... - Y...) 
^  ( ^ i j k  "  ^ i j ' )  
squaring (3) and summing overall observations we obtain: 
(4) - Y. = nt z(Y-.. -Y...) 
ijk i • 
+ nb z (Y. - Y...)^ 
j ^ 
The term to the left of the equal sign is the total sum of squares 
(SSTO), The first term to the right of the equal sign is treatment T 
sum of squares (SST): the next term is the treatment B sum of squares 
(SSB) and the last term the error sum of squares (SSE). 
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It can be shown (46,305) that: 
E(MST) = 
E(MSB) = ^ ZBj' 
E(MSB) = 
The use of the F test is then in order to test for the existence 
of T and B main effects. The ratio 
E(MST)/E(MSE) = (o^ + (nb/t-1) 2t.^)/o2 
will be close to 1 if the main effect of T is very small (or close to 
zero). A similar ratio can be formed to test for the existence of 
the main effect of B. 
When there is interaction between factors T and B the mathematical 
model is modified as follows: 
+  G j  +  +  ' i j k  
Following the same procedure as (3) and (4) above, the expected 
value of the mean squares components are found to be: 
E(MST) = ZT.2 
E(MSB) = 
E(MSTB) ^ 2 f ( f i K b - D  
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E(MSE) = 
Forming the appropriate ratios for F tests will yield the test 
statistics to evaluate the presence of the influence of factors T, b 
or their interaction. 
Discriminant analysis 
Discriminant analysis is a multivariate statistical method 
technique whose main purpose is to assign an observation of unknown 
origin to one of several possible groups on the basis of the multiple 
dimensions that characterize the observation. 
The group assignment is done through the use of a discriminant 
function which performs a linear combination of the variables 
(X^, Xg ... X^) that characterize an individual to produce a single 
score (Y). The weights required for the linear combination are calculated 
in such a way that the resulting average single scores for each group 
are maximally separated from one another. 
The application of this method is dependent on the following 
assumptions: a) the variables within each group have a multinormal 
distribution; b) the variance of a particular variable is similar for 
each group; and c) the covariance between pairs of variables is similar 
for each group. 
Mathematically, the discriminant analysis determines the weights 
used in the linear combination of the X variables so that the ratio of 
the within-groups sum of squares to the between-groups sum of squares 
of the transformed variables (Y) is maximized. 
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Given the sum of squares and cross products matrix [S(X)] of a 
set of variables X, the sum of squares and cross products matrix of 
a set of variables Y[S(Y)], where the Ys are a linear combination 
of the Xs, is given by: 
S(Y) = V'[S(X)]V 
Here V is the matrix of weights that make Y a linear combination of 
the X. 
Let B denote the between-groups sum of squares matrix of X, and 
W denote the within-groups sum of squares matrix of X. Using the 
result in the previous paragraph, the ratio (x) of the within-groups 
and between-groups sums of squares matrix of Y can be represented by: 
( 1 )  x = M  
To maximize \ with respect to V (the set of weights) take the 
partial derivative 9X/9V and equate to the zero vector. Hence, 
(2) _ V'WV(2BV) - V'BV(2WV) _ q 
(V'WV)2 
(3) V'WV{2BV) - V'BV(2WV) = 0 
Divide (3) by 2 and by V'WV. Also note that V'BV/V'WV = X, then 
(4) BV - ^  (WV) = 0 
(5) BV - %(WV) = 0 
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(6) (B - XW)V = 0 
Expression 6 is a set of homogeneous equations. Homogeneous equations 
have a trivial solution when the vector V is set equal to zero. A 
nontrivial solution is obtained if the value of X is set such that 
(B - xW) does not have an inverse. Thus, we want the determinant of 
(B - xW) to be equal to zero, that is: 
(7) |B - XW| = 0 
The resulting values of x when solving (7) are called the 
characteristic roots or eigenvalues. By substituting the values of x 
into (6) it is possible to solve for vector V (characteristic vector). 
The characteristic vector contains the weights that make up the 
discriminant function which is used to assign individuals to a given 
group. The soundness of the discriminant function as a sorting 
device is judged by its probability of misclassification as well as 
the proportion of the cases that were properly assigned to the group 
where they belong. 
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CHAPTER III. RESULTS TO THE ANALYSIS OF PRODUCTION TECHNIQUES 
The first step in the analysis of production techniques was to 
single out those factors and production activities that were statis­
tically significant in explaining differences in mean output yields 
for the different crops. A point of clarification of terminology is 
due at this point. Ecosystems (the combination of bioclimatic zone 
and soil management phase) are referred to as factors. Terracing, 
fertilizing, weeding and planting methods fall into the category of 
production activities. What follows is a list of the factors and 
production activities considered in this study: 
Ecosystem - combination of bioclimatic zone and soil management 
phase. A total of 30 ecosystems were found within the study area 
(see Appendix A). 
Mechanical Soil Conservation Practices - improvements performed 
on the planting field designed for soil conservation. Terracing, 
sedimentation ponds and water veering canals fall in this category. 
Agronomic Soil Conservation Practices - have to do with planting 
methods intended to preserve the soil. Crop rotation, planting of 
wind breaking trees, contour planting and swath (band) planting are 
considered agronomic soil conservation practices. 
Preplanting Soil Preparation - three forms of soil preparation 
were considered: 1) manual, 2) mechanical and 3) with the use of 
animal power. A given respondent could report more than one form of 
soil preparation. 
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Planting System - the interviewees were questioned if they planted 
the seeds manually or if they used a mechanical device. 
Planting Method - the planting methods considered were: 1) broad­
cast sowing, 2) furrow planting, 3) trickle planting, 4) seeding 
individual holes, 5) "A1 cuadrado," 6) "Tresbolillo" and 7) "Quincuncio." 
(See Appendix C for a graphical representation of the last three 
planting methods.) 
Type of Seed Used - hybrid and traditional seeds were considered. 
Distance Between Rows - this variable registered the separation 
between rows used by farmers in their fields. It is given in centimeters. 
Distance Between Plants - separation between two contiguous plants 
used by farmers in their fields. It is also reported in centimeters. 
Seed Implant Depth - Refers to how deep the seeds are planted in 
the ground. The depth is given in centimeters. 
Seeds Per Hole - number of seeds the producer deposits in each hole. 
Amount of Seed Used - Kilograms per hectare of seed used in the 
planting of the field. 
Fertilization - refers to the use of fertilizers in the production 
of the crops. Three types of fertilizers were considered: a) organic, 
b) nitrogen and c) complete. Respondents were questioned on the period 
and quantity of application of the fertilizer. 
Weeding- Information was collected on the weeding method used 
(manual, chemical, mechanical or using animal power), as well as the 
period in which it was carried out. A maximum of three weedings could be 
reported. 
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Insect Control Methods - method of insect control (chemical, 
manual, biologic, no control) used by the respondent. Insect identifi­
cation was also recorded. 
Plant Disease Control - identifies the disease reported attacking 
any part of the plant. The farmer also indicated whether or not they 
performed any type of control. 
Corn: Analysis of Production Techniques 
As a first step, one-way analysis of variance was performed in 
order to test for the existence of different yield levels among farmers 
using selected production techniques. A given level of yield is the 
result of the performance of numerous production activities. Hence, 
rather weak reliability is obtained when testing the significance of 
any one activity using one-way analysis of variance. The influence 
of those variables not considered in the analysis, as well as their 
correlation with the variable being tested, greatly debilitates the 
power of the test. Because of this limitation, the one-way analysis 
of variance was used mainly as a device to narrow down the number of 
production activities on which further analysis was to be performed. 
Attempts to do one-way analysis of variance would have resulted in an 
unmanageable quantity of individual tests because of the number of 
possible combinations of variables that could have been taken n at a 
time. Discriminant analysis (a multivariate statistical technique) 
was used once the preliminary screening was completed. Discriminant 
analysis makes explicit consideration of the interrelation among 
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variables which is ignored by the single classification analysis of 
variance. 
Single Classification Analysis 
The average corn yield reported by producers proved to be 
statistically different as they are located in different ecosystems. 
The interaction of the bioclimatic zone and the soil management phase is 
thus expected to have a significant effect on the level of yields 
producers can obtain. 
The analysis of variance using land tenancy as the classificatory 
variable concluded in the failure to reject the null hypothesis. This 
result goes against the common assumption that attributes land tenancy 
an unquestionable influence on yields and output. It is generally 
believed that production incentives are decreased when there is no 
security in the possession of the land, especially when production 
requires some form of medium or long term investments. The observed 
lack of influence on yields of this variable could be explained by the 
small level of physical investment required prior to producing corn. 
The preplanting soil preparation done by hand appeared as the 
method most widely used by corn producers in Guatemala. The hypothesis 
that the average yield of farmers is the same regardless of the pre­
pl anting soil preparation method they use could not be rejected. The 
probability value of the F test exceeded the 10% level of significance 
used as the critical value. A similar result is obtained when the 
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analysis of variance is performed using the planting method as the 
grouping variable. 
Using the planting system as the sortal variable resulted in a 
very significant F test. This led to the rejection of the hypothesis 
that the average corn yield of producers does not differ given their 
planting system (probability of a larger F = 0.019). A total of 255 
out of the 284 respondents declared planting the seeds manually. 
They also obtained lower yields than those who reported the use of 
machines as their planting system. 
A difference in average yield of almost 1 ton per hectare is 
observed between producers that use hybrids versus traditional seed, 
hybrid users being the ones reaching higher yields. This difference 
proved to be statistically significant as evidenced by the probability 
of 0.013 of the F test. On the other hand, the use of fertilizers 
did not manifest itself as a statistically significant differentiator 
of yields. Strangely enough, 169 respondents declared to use fertilizers 
while only 60 responded negatively. Fertilizer use is not coupled with 
the use of hybrid seeds. Indeed, 55 farmers responded to use hybrid 
seeds while 169 revealed use of some kind of fertilizer. 
Although the test on the method of weeding reported for the first 
and third weedlngs did not turn out to be statistically significant, the 
method used for the second weeding came up with a very significant F value 
(probability of F = 0.008). Producers using weeding methods other than 
manual ones are also the ones that obtained higher yields. 
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Farmers who differ with respect to their insect control methods and 
plant disease control do not differ in relation to their average yields. 
The probability value of the F test attests to this result. The use of 
chemicals in the control of insects, when some form of control is 
exercised, is the most prevalent. An average of 60 percent of the 
respondents did not carry out any form of insect control. A total of 
13 out of the 284 respondents reported some kind of plant disease, with 
only 2 declaring having controlled them. 
The distance between plants proved to make a difference in yield 
levels more than the distance between rows. Producers that reported 
using between 85 to 100 centimeters as the distance between plants 
obtained lower yields than those who used between 51 to 83 centimeters. 
The modal distance between plants was found to be 84 centimeters. The 
null hypothesis using the distance between rows as the grouping basis 
could not be rejected. The test statistic (F) occurred with 0.3207 
probability (not significant at 10% level). On the other hand, the 
analysis of variance using the distance between plants as the independent 
variable led to the rejection of the null hypothesis (F-value proba­
bility = 0.0479). 
Although the amount of seed used was not statistically significant 
as an independent variable, the number of seeds per hole proved other­
wise. Based on the sample evidence, the use of a small number of seeds 
per hole (1-2) gives better results than the use of a larger number. 
More than 75 percent of the corn producers interviewed reported 
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Table III-l. Summary of the F-value probability level of the one-way 
analysis of variance for selected production techniques 
in corn 
Production Technique F-value Probability 
Ecosystem 0.0851* 
Land tenancy 0.5387 
Pre-planting soil preparation 0.2103 
Planting system 0.0195* 
Planting method 0.6183 
Type of seed 0.0133* 
Ferti1i zation (yes/no) 0.1976 
First weeding - method used 0.6422 
Second weeding - method used 0.0008* 
Third weeding - method used 0.5652 
Insect control method 0.5627 
Plant disease control 0.3197 
Distance between rows 0.3207 
Distance between plants 0.0479* 
Seed implant depth 0.4171 
Seeds per hole 0.0005* 
Amount of seed used 0.3868 
Farm size 0.0023* 
Cultivated area 0.0332* 
•Significant at 10% level. 
39 
Table III-l (continued) 
Production Technique F-value Probability 
Amount of nitrogen fertilizer used 0.0029* 
Amount of complete fertilizer used 0.0219* 
Number of applications-nitrogen fertilizer 0.0423* 
Number of applications-complete fertilizer 0.1334 
Type of insect-lst attack 0.0972* 
Type of insect-2nd attack 0.1450 
Type of insect-3rd attack 0.0098* 
Number of insect attacks 0.4168 
Number of weedings performed 0.1197 
Ethnic group (Indian/non-Indian) 0.7912 
Literacy 0.8879 
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planting between 3 to 6 seeds per hole. The F-value probability of the 
seed implant depth indicates its lack of influence on the level of 
yields reported, despite the apparent importance exhibited by the 
number of seeds per hole. 
The highly significant F-value for farm size and cultivated area 
allows the rejection of the hypothesis that mean yields are equal among 
farmers that differ on the size of their operation. Given the direct 
relationship encountered between yields and size, one could conjecture 
that the elimination of minifundia should result in yield improvement. 
However, it should be remembered that the sample was directed toward 
small and medium-sized farmers, thus this relationship may hold when 
the farmstead increases from very small to medium-sized. It may not 
hold when going from small or medium-sized to very large operations. 
The level of aggregation used to perform the analysis of variance does 
not allow indicating with any precision the "optimum" farm size in terms 
of yield of corn. Small farms varied in size from 0.1 to 5 hectares, 
while farms between 5.1 to 46 hectares were considered of medium size. 
It was stated in previous pages that the use of fertilizers (yes/no) 
did not result in a statistically significant difference in level of 
yields. Nevertheless, when the amount of nitrogen or complete 
fertilizers applied are used as independent variables, the conclusion 
is completely different. For both variables, the F-value probability 
indicates a statistically significant difference among the groups 
formed using them as the classificatory dimension. An identical result 
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is reached when equality of group means is tested using the number of 
applications of nitrogen fertilizer as the sortal variable. 
A result similar to that outlined above is found in the case of 
insect attacks. Insect control methods were determined to be of little 
consequence in generating differences in average yields among groups of 
producers. Conversely, the type of insect for the first and second 
attack exhibited a very significant F-test when subjected to analysis 
of variance. The insects reported by the producers were classified 
into four groups for analysis of variance purposes. Gallina ciega 
and Gusano cogollero are the insects more frequently reported and make 
up the first two groups of insects. Worms and all other insects form 
the other two groups used. 
On the basis of the results observed in the case of insect attacks 
and fertilization, it was decided that analyses of variance would be 
performed using the number of insect attacks and number of weedings as 
independent variables. The null hypothesis for both cases could not 
be rejected, as indicated by the probability level of the F statistic. 
The same could be said of the hypothesis testing using the ethnic 
group and literacy as sortal variables. 
To conclude this section, a summary of variables with proven 
significance in yield levels is entered. A list of those variables 
include: ecosystem, planting system, type of seed, method used in the 
second weeding, distance between plants, seeds per hole, farm size, 
cultivated area, amount of nitrogen fertilizer used, amount of complete 
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fertilizer used, number of applications of nitrogen fertilizer, and type 
of insect in the first and third attack. 
Discriminant Analysis 
In the previous section, the production activities were individually 
evaluated. Nevertheless, the purpose of this exercise was to put 
together a set of those activities that could provide reasonable assurance 
that when used as a package, they would allow the attainment of a 
specified level of yield. The pursuit of this objective led to the use 
of discriminant analysis. 
As explained in Chapter II, discriminant analysis is primarily 
used to perform assignment of an observation (individual) of unknown 
origin to the group where it is more likely to belong, given the set of 
variables that characterize the individual. For our purposes, assign­
ment is not of primary concern. Rather, our attention is focused on 
the linear combination of variables that best discriminate between 
producers that obtain higher yields than others. By looking at the 
standardized weights in the discriminant functions, a conclusion can be 
reached as to what combination of variables results in a designated 
yield level. 
The search for the best discriminant function used the percentage 
of producers that were correctly classified as the selection criteria. 
Several alternatives were tested by changing the definition of the 
groups as well as the type of variable used. In the case of group 
definitions, four types of producers were initially defined according 
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to their membership in each of the four categories in which the whole 
array of yields was stratified. As to the variables, discrete and 
continuous variables were alternatively used. A continuous variable 
was made discrete by stratification. 
Only one discriminant function proved to be significant when using 
either the direct method of discrimination (all variables are considered 
simultaneously) or the Mahalonobis method (stepwise inclusion of the 
variables). The standardized coefficients for both methods are shown in 
Table III-2. Note that the Mahalonobis method resulted in only 4 
variables being able to correctly classify 68.6 percent of the cases. 
This means that packages of production methods using the preplanting 
soil preparation method, type of seed, number of nitrogen fertilizations 
and seed implant depth should be able to predict with adequate accuracy 
the yield level a given farmer can obtain. 
Production at the Ecosystem Level 
This step in the analytical procedure presented an operational 
problem: that of the number of ecosystems within the boundaries of 
the study area (30). A reduction in the number of ecosystems was 
performed using the Least Significant Difference (LSD) method and was 
based mainly on the level of yield of corn exhibited by producers in 
each ecosystem. The group (or subject) definition yielded by the LSD 
method did not present a clear gap between groups at 10 percent level 
of significance. An arbitrary decision was then made to form 4 "classes" 
of ecosystems. The "classes" were defined in such a way that the 
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Table II1-2. Standardized canonical discriminant function coefficients 
for production activities in corn 
Activities Direct Procedure Mahalonobis Procedure 
Soil preparation method 
Planting method 
Type of seed 
Distance between rows 
Number of applications of 
nitrogen fertilizers 
Distance between plants 
Seed implant depth 
Seeds per hole 
Amount of nitrogen 
fertilizer applied 
Amount of complete 
fertilizer applied 
Method of second weeding 
Percent of cases correctly 
classified 
Eigenvalue 
0.3549 
-0.0983 
0.2954 
0.3644 
0.4970 
-0.4395 
0.2018 
0.1727 
0.0559 
0.1510 
0.1019 
71.38 
0.1357 
0.3641 
0.3265 
0.6346 
0.2150 
68.55 
0.1139 
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break in yield between classes was the largest possible, so as a result 
they were comprised of unequal numbers of individual ecosystems. For 
reference purposes the classes were designated A, B, C and D. 
For each class of ecosystem, production method packages were put 
together and a choice was made of the two that presented higher yields. 
The number of activities that were simultaneously included in the 
packages was limited by the number of observations of the sample. 
In other words, sequential stratification of the producers based on 
the production activities chosen, yielded few or no observations as 
further subdivisions were performed. 
Only the variables with proven capacity to separate yield levels 
(as indicated by the discriminant function) were included in the 
formulation of the production methods packages. Even so, the possible 
number of combinations of those activities taken 3 at a time (maximum 
number of simultaneous activities in a package allowed by the sample) 
was enormous. Hence, a great deal of discretion was exercised in the 
putting together of the packages and their selection. Notwithstanding, 
the magnitude of packages scrutinized was no less than two hundred. 
Tables III-3 and III-4 present the packages defined for each "class" 
of ecosystem. 
An examination of Table II1-3 indicates that the packages of 
production methods for ecosystem class "A" are mainly defined in terms 
of type of seed and seed implant depth. On the other hand, the 
packages of production methods for ecosystem class "B" show the 
distance between plants and the distance between rows of plants as its 
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Table II1-3. Corn: packages of production methods determined for 
ecosystems classes "A" and "B" 
Ecosystems Class "A" 
Production Packages 
Seed implant depth 
Seeds per hold 
Amount of seed used 
Yield (M.T./Ha.) 
21-25 centimeters 
1-2  
1-50 Kgs./Ha. 
4.053 
Type of seed 
Number of nitrogen 
applications 
Seed implant depth 
Yield (M.T./Ha.) 
Hybrid 
2 
5 centimeters 
3.056 
Ecosystems Class "B" 
Production Packages 
Planting method : Furrow planting 
Distance between 
rows 85-100 centimeters 
Distance between 
plants : 84 centimeters 
Yield (M.T./Ha.) : 2.83 
Seed implant depth 
Seeds per hole 
Amount of seed used 
Yield (M.T./Ha.) 
1-4 centimeters 
3-4 
1-50 Kgs./Ha. 
3.10 
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Table II1-4. Corn: packages of production methods determined for 
ecosystems classes "C" and "D" 
Ecosystems Class "C" 
Production Packages 
Planting method 
Seed implant depth 
Amount of seed used 
Yield (M.T./Ha.) 
A1 cuadro 
11-15 centimeters 
1-50 Kgs./Ha. 
2.31 
Type of seed 
Soil preparation 
method 
Seed implant depth 
Yield (M.T./Ha.) 
Hybrid 
Manual 
5 centimeters 
2.24 
Ecosystems Class "D" 
Production Packages 
Type of seed : 
Number of nitrogen 
applications 
Seed implant depth 
Yield (M.T./Ha.) 
Hybrid 
1 
5 centimeters 
2.70 
Seed implant depth 
Seeds per hole 
Amount of seed used 
Yield (M.T./Ha.) 
5 centimeters 
1-2 
1-50 Kgs./Ha. 
1.95 
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salient characteristics. The production packages in both ecosystems 
share the number of seeds per hole and the amount of seed used (Kgs./Ha.) 
as a common ingredient in their formulation. 
In ecosystem class "C", the production method packages are 
predominantly specified by planting activities, such as: planting 
method and soil preparation method. Planting activities are absent 
in the definition of the packages for ecosystem class "D." Here, the 
handling of the seed shows up as the prevailing definitional activity 
(see Table III-4). 
Beans: Analysis of Production Techniques 
The analytical procedure outlined in some detail for corn production 
methods was used to examine those utilized in the production of beans. 
For the sake of conciseness, only a description of the most salient 
production activities of this crop will be discussed. 
The analysis of variance and discriminant analysis when applied 
to bean production methods indicate the following activities as carrying 
most of the discriminating power in yield levels: insect control method 
for the first attack, distance between rows, seeds per hole, amount of 
seed used, amount of complete fertilizers used, number of weedings 
performed and soil preparation method. 
Several differences between corn and beans were pinpointed when 
analyzing the latter crop. Of some significance is the absence of 
infleunce of the ecosystem on the yield level of beans, that is, soil 
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Table II1-5. Beans: packages of production methods determined for 
ecosystems classes "A" and "B" 
Ecosystems Class "A" 
Production Packages 
Seed implant depth : 6-10 centimeters 
Seeds per hole : 3-4 
Amount of seed used : 101-200 Kgs./Ha. 
Yield (M.T./Ha.) : 1.83 
Type of seed : Traditional 
Distance between plants : 21-40 centimeters 
Amount of seed used : 201-400 Kgs./Ha. 
Yield (M.T./Ha.) : 2.48 
Ecosystems Class "B" 
Production Packages 
Planting method 
Seeds per hole 
Amount of complete 
fertilizer 
Yield (M.T./Ha.) 
Planting method 
Distance between plants 
Distance between rows 
Yield (M.T./Ha.) 
furrow planting 
5-8 
201-500 Kgs./Ha. 
2.07 
furrown planting 
84 centimeters 
84 centimeters 
1.035 
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Table III-6. Beans: packages of production methods determined for 
ecosystems classes "C" and "D" 
Ecosystems Class "C" 
Production Packages 
Planting method 
Seeds per hole 
Amount of nitrogen 
fertilizer 
Yield (M.T./Ha.) 
al cuadrado 
1-2 
2-15 Kgs./Ha. 
1.5157 
Type of seed 
Distance between plants 
Amount of seed used 
Yield (M.T./Ha.) 
Ecosystems Class "D" 
Production Packages 
Seed implant depth 
Seeds per hole 
Amount of seed used 
Yield (M.T./Ha.) 
Planting method 
Seeds per hole 
Amount of complete 
fertilizer 
Hybrid 
8-20 centimeters 
51-100 Kgs./Ha. 
1.56 
Yield (M.T./Ha.) 
6-10 centimeters 
3-4 
1-50 Kgs./Ha. 
1.95 
furrow planting 
3-4 
101-200 Kgs./Ha. 
1.053 
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and climate variables do not represent a significant influence on the 
productivity of this crop. 
In contrast with corn production, the distance between rows and the 
amount of seed used classify as being of perceptible importance in 
bean production. The distance between plants and the seed implant 
depth were the variables of similar importance in corn production. 
Also, in this last crop, the method of weeding stood out while in 
beans, the insect control method played a similar consequential role. 
The application of the same analytical procedure described for 
corn led to the formulation of the production packages for beans. 
These packages are described in Tables III-5 and III-6. 
Ecosystem classes "A" and "B" show the distance between plants 
and the number of seeds per hole as a common package definition 
activity. The use of furrow planting as the planting method is indicated 
as a component of both production method packages in ecosystem class 
"B" (see Table III-5). 
Production packages in both ecosystem classes "C" and "D" show the 
number of seeds per hole and the amount of seed used as part of their 
components. The planting method and type of seed are a distinguishing 
characteristic of the production method packages of ecosystem class "C" 
(see Table III-6). 
Implications of the Results 
The combination of production methods (packages) put together for 
corn and beans will be used in estimating their potential increase in 
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output levels. This information is a basic ingredient in the decision­
making model developed in Chapters V and VI. 
In the calculation of the potential increase in output for these 
crops, the amount of land belonging to each ecosystem class was 
determined at the county level. This follows from the fact that 
production packages and the attainable yields vary according to the 
ecosystem class. The production figures obtained by multiplying the 
level of yield of the crop by the area where it can be cultivated was 
compared to the production level for the same area as reported in 
the 1979 Agricultural and Livestock Census. The difference reflected 
the extent to which actual agricultural production approached potential 
output. The feasibility of realizing the estimated potential output 
increase is backed up by the fact that the production methods are being 
applied by Guatemalan producers and the yield levels reflect domestic 
environmental conditions. 
The potential increase in agricultural output only reflects present 
production methods and attainable yields. As a result, it can be argued 
that the use of indigenous technology in the estimation of this potential 
imposes a freeze on technological advance. This may be true in the very 
short run but technological research and agricultural extension will 
continue to influence agricultural production methods so that chances 
will not cease to take place. Future application of the same methodo-r 
logical procedure as the one utilized here, will highlight new production 
methods that have been adopted with success and that are able to boost 
agricultural output levels. 
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Finally, the structure of the production method packages lends 
itself to be used in agricultural extension work. In many instances, 
changing very simple production methods (such as the distance between 
plants) has the potential to result in significant increases in 
yield. Also, different crops exhibit distinct sets of production 
methods as causing significant effects on yield levels. This information 
can guide the selection of the areas where agricultural extension 
needs to focus its major emphases on different crops. 
Estimation of the Potential Increase in Agricultural Production 
The whole effort and analysis of the production methods in Guatemala 
was geared toward estimating attainable levels of yield at the ecosystem 
level. These yield levels constituted the factors by which the total 
area belonging to a specified ecosystem class was multiplied. The total 
so obtained represented the estimated potential agricultural output for 
that county. 
The estimation procedure was limited to two crops, viz: corn and 
beans. Besides being the most important staples for the country, these 
two crops were thoroughly analyzed using the methodology outlined above. 
Due to the concentration on these two crops, the estimation of the 
potential increase in agricultural output was performed using the 
procedure outlined below. 
For the purpose of estimating the potential increase in agricultural 
output, the proportion of the land in ecosystem classes A, B, C and D 
was calculated at the county level. These proportions were then applied 
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to the total cultivated area of corn and benas for each county as 
reported in Guatemala's 1979 agricultural census. This procedure 
resulted in an estimation of the number of hectares of those crops 
that most likely fall into a given ecosystem. This procedure was 
necessary due to the lack of maps indicating the spatial location of 
the cultivated area as reported in the census. Had this data been 
available, the overlay of the ecosystems and actual use maps would have 
provided information on hectares of each crop produced under the four 
classes of ecosystems. 
In counties where a great proportion of the land belonged to a 
specified ecosystem, there was a higher probability that the production 
of corn and beans took place in that ecosystem. In this manner, the 
procedure used to estimate the counties' cultivated area of both crops 
at the ecosystem level takes explicit account of this probability. The 
land area belonging to each ecosystem class was measured for each 
county using the Multi-Scale Data Analysis and Mapping Program (MSDAMP). 
Given that more than one production package (combination of produc­
tion techniques that resulted in a specified level of yield) was 
available for each crop and ecosystem class, a decision was made to use 
the lowest of the two yield levels available for each ecosystem class. 
The desire to be rather conservative in the estimation of the potential 
increase in agricultural output is the overriding factor in arriving at 
this decision. This should not be taken to imply that larger potential 
increases are less feasible. The procedure used to derive the production 
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packages ensures that the yield levels can be obtained and better yet are 
being presently obtained. The choice of the lower yield level also 
ensures against over expectations and allows for some freedom against 
sampling errors that might have occurred. For corn, the yield levels 
used are the following: Ecosystems Class A: 3.06 Metric Tons/Hectare; 
Ecosystems Class B: 3.10 Metric Tons/Hectare; Ecosystems Class C: 
2.24 Metric Tons/Hectare; Ecosystems Class D: 1.95 Metric Tons/Hectare. 
For beans, the yield levels used are: Ecosystems Class A: 1.83 Metric 
Tons/Hectare; Ecosystems Class B: 1.03 Metric Tons/Hectare; Ecosystems 
Class C: 1.52 Metric Tons/Hectare; Ecosystems Class D: 1.06 Metric 
Tons/Hectare. 
The comparison of the counties' production of corn and beans in 
1979 (as reported in the 1979 Agricultural Census) with their potential 
output level (estimated according to the method described above) 
indicated the potential output increase in those crops. For each crop, 
the continuum of potential output increases was stratified into five 
categories. The category that contained the largest potential increase 
was given the rank of 5, with the ranking number decreasing to 1 for 
the category with the lowest level of potential increase. The potential 
output increase of corn and beans was summarized for each county 
by a single index: index of potential increase in food production.. 
Those counties with high potential increase in output of both corn and 
beans are categorized as having high potential increase in food 
production. When the potential output increase differs among the two 
crops, the food production index reflects the relative importance of 
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the crops with the highest increment potential. Map III-l depicts 
the spatial distribution of the potential increase in food production 
in Guatemala. The county is used as the reporting unit. Counties 
with high potential increase are represented by dark shades. Lighter 
shades represent decreasing potential. A complete listing of the 
potential increase in corn and bean production by county is provided 
in Appendix D. 
The size of the estimated potential output increase for corn and 
beans confirmed the hypothesis that the search for improved production 
methods among indigenous producers is a sound procedure. Potential 
output increments varied from a low of 4 metric tons of corn in 
Chinautla county to a high of 11,160 metric tons of corn in Panzos 
county. In the case of beans, the county of Olintepeque-San Francisco 
la Union shows the smallest potential increase (0.4 metric tons) while 
a total of 937 metric tons constitutes the potential increment in 
bean production for Cubulco (see Appendix D). On a percentage basis, 
potential increments go from as low as 0.08 percent of present production 
to as high as 4 thousand percent increment. 
The size of the potential increments in production can be somewhat 
lower mostly due to the inter-cropping method of planting found pre­
dominantly among small and medium-sized farms. Inter-cropping has the 
effect of lowering the yield level of the individual crops involved but 
at the same time increases the total volume of food production available 
to the farm household; hence, its widespread use among small and medium-
sized farms. 
Map III-l. Guatemala: spatial distribution of potential increase in corn and bean production 
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Data on corn and beans produced by inter-cropping were unavailable 
from the 1979 Agricultural Production Census at the time of this 
study. Analysis of the inter-cropping production system in order to 
estimate potential increments in production would have turned into 
a futile exercise because there would have been no production data 
against which to compare it. The incremental production reported 
here thus assumes that all production takes place on a single crop 
production system. 
The potential increments in food production reported here 
represent what is technically feasible in terms of food production in 
Guatemala. Questions like the capacity of the market to absorb this 
production are not addressed here. Given that corn and beans are 
staple foods, the required income distribution to provide the 
populace with access to this production is an important issue that 
also needs to be considered. Although not treated here, these 
problems are necessary extensions to this type of work. 
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CHAPTER IV. ESTIMATION OF THE SYSTEM OF CENTRAL PLACES IN GUATEMALA 
The delimitation of political units in many countries was done 
long before people perceived governments as responsible for the 
furthering of economic development as a means for maintaining and/or 
improving their well-being. As a result, the political division for 
administrative purposes in most cases bears little relationship with the 
economic organization of the landscape. 
Governments' attempts to cope with the new responsibility of 
accelerating the pace of development made the need for some sort of 
economic planning more apparent. With planning came the realization 
that disregard for territorial differences was an influential factor 
that stood in the way of more effective results. In many instances, a 
common policy for the whole territory was bound to cause different 
results (adverse results in some instances) due to significant 
differences between a given area and the national average on which the 
plan was based. 
The magnitude of the requirements for development clarifies the 
need for the concerted effort of the nation as a whole. Discussion on 
the subject began to make its way into the literature. For instance,. 
Owen (36) indicated that isolated communities, by remaining ignorant 
of market opportunities, make little contribution to the attainment 
of national production goals. On another front, Hagerstrand (18) 
advanced and developed the idea that innovation diffusion was 
essentially a spatial process. All these ideas indicated the need to 
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achieve some form of territorial integration as a way of securing the 
needed concerted efforts for development. 
The need to analyze the degree of territorial integration in 
Guatemala gave rise to the ideas presented in this chapter. This 
analysis was performed by studying the hierarchical arrangement of 
cities in the country. Comparison of this arrangement with the 
Christaller (10) theoretical model will provide a judgement of the 
present system in terms of promoting interaction among population 
settlements as a means of achieving territorial integration. 
It was deemed necessary to first succintly review the evolution 
of the theory on economic organization of space because it provided 
the basis for this and other studies on spatial organization in 
Guatemala. After estimating the hierarchy of central places in 
Guatemala, the chapter closes with an evaluation of the present 
hierarchical arrangement and the investment policy implications. 
Theories on Economic Organization of Space 
The first theories of economic landscape stemmed from the ground 
breaking work of J. H. von Thunen (53). The main purpose of his 
theory was to explain the conditions under which a national pattern of 
farming would emerge. He showed that bulky commodities relative to 
their value would be produced near the towns while lighter commodities 
would be cultivated on more distant lands. In general then, production 
costs were assumed to decrease with distance while, at the same time, 
transport costs increased with distance (see Figure IV-1). 
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UTILIZATION 
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Figure IV-1. The von Thunen pattern of farming (53) 
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In the development of his theory, von Thunen employed several 
simplifying assumptions, such as; a) insofertile land; b) space 
structure determined by a single town; c) farmers do not trade 
extensively with each other but direct the bulk of their production 
to the single central market of assumption b; and finally d) that 
transport costs vary directly with weight, perishability and distance. 
In the presentation of his ideas, von Thunen appeared to be an 
advocate of a single large town because in his view such a town could 
fully realize the economies of scale involved in the provision of 
services. He later abandoned this idea by admitting the possibility 
of several towns whose number and distribution would depend on the 
density of the population. 
As a reaction to the idea of towns of uniform size in von Thunen's 
expositions, Christaller (10) set out to define general principles 
that could explain not only the number but the size and distribution 
of human settlements. 
In the Christaller system, cities are classified according to 
hierarchical functions. These hierarchical functions are related to 
the supply of certain goods and services which confer to the city 
that performs it a certain degree of centrality. That is, central 
goods and services are produced or sold in a few places but are 
consumed at many scattered points. Therefore, an examination of the 
goods and services offered by a settlement will enable a judgement 
on the centrality it has on the economic landscape. 
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The need to look at the services performed by a settlement in 
order to ascertain its centrality, in Christaller's theory, stems 
from the fact that there is no one-to-one correspondence between 
size and importance. A very small place may be found performing 
higher order functions and vice-versa. By the same token, since the 
production and the supply of a good do not always coincide, the 
centrality of a place is mostly related to its trading function. 
In essence, the trading function is what really ties a central place 
to its respective complementary region (hinterland). The size of 
the hinterland of a given central place is not uniform. It all 
depends, among other things, on the cost of freight, travel time and 
discomfort of travel. 
With all these ideas in mind, Christaller provided three well-
known geometric models that portrayed possible arrangements of the 
economic spatial system (see Figure IV-2). According to the market 
principle, a minimum number of central places should provide the 
maximum number of higher order goods. The traffic principle, on the 
other hand, is based on the idea that the maximum demand for trans­
portation be satisfied at minimum cost. Hence, as many central 
places as possible should be located on a given traffic route. 
Finally, the socio-political separation principle dictates that the 
political division of the territory be taken into account. In 
general, this last principle produces spatial organizations that are 
not as efficient as the market principle. 
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Figure IV-2. Christaller's system of central places (10) 
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Differing from Christaller, August Losch (30) initiated his 
analysis by looking at nucleated agricultural villages distributed in 
such a way as to form demand cones in the agrarian plain. Through 
competition, agricultural villages could expand their market areas 
by invading the trade areas of neighboring centers until they acquired 
prominence as a central location for a given expanse of the territory. 
In a sense, the Losch system represents an attempt to amalgamate the 
concept of space with economic theory. In this respect, his system 
is an equilibrium of locations with entrepeneurs attempting to locate 
the most advantageous locations and competition among them eliminating 
the possibility of abnormal profits. 
More recent expositions of central place theories have been done 
by Beckmann (2), Dacey (12) and Parr (37). Cotranon to all of them 
is the elaboration of the basic concepts encountered in Christaller 
and Losch. 
Beckmann (2) attributes the presence of a stratified network 
of cities (central places) to the indivisibility of certain economic 
operations, so that a city of minimum size is necessary for the 
performance of such operations. His system rests upon two assumptions: 
a) the size of a city is proportional to the population (the population 
of the city itself plus the rural population in the market area of 
the city) it serves; and b) cities at each level in the hierarchy 
have a fixed number of satellite cities of the next lower order. 
Using these ideas, he arrives at the conclusion that the size of the 
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city as well as the population it serves increase exponentially with 
the level of the city in the hierarchy. 
The work of Parr (37) is a reconsideration of Beckmann's contri­
bution. In his view, the rural population of the market area served 
by cities at the hierarchical level immediately below the one considered 
should have been included in the computation of the total population 
the latter serves. This problem was later incorporated into a paper 
Beckmann wrote with McPherson (3). 
These theoretical developments provided the foundations for a 
host of subsequent empirical studies that took the economic organization 
of space as the center of inquiry. Most of the applications of central 
place ideas to the analysis of economic landscape are reported and 
annotated in Berry and Pred {6). We now turn to the application of 
this framework of analysis to Guatemala. 
Central Place Studies in Guatemala 
One of the pioneer investigations of central places in Guatemala 
was done by Hans Spielmann (48). Using mostly secondary data, he 
devised an index to ascertain the number of central-place functions 
performed within each settlement. His index of centrality was of 
the form; 
Cix = N^ X 1000 
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where n- is the number of establishments of type i located in the 
settlement and is the total number of establishments of the same 
type that exist in the whole country. 
One cannot fail to sense the presence of Christaller's idea of 
higher order functions, central goods and central services lurking in 
Spielmann's index. The index assumes that scarcer establishments are 
synonymous with higher order functions, and hence settlements having 
them within their confines will necessarily get a higher index of 
centrality. Unfortunately, the assumed correspondence between scarcity 
and centrality is not perfect. Certain activities are very related 
to the resource endowments of settlements and even though they are 
scarce, they do not reflect centrality. Moreover, indiscriminate 
application of the index to all central activities puts barber shops 
and health clinics on the same footing. Points on the index are 
conferred on the basis of number of establishments, not the type of 
establishments. Finally, the size of the establishments, as measured 
by number of employees or volume of sales, is not considered in the 
index. 
The hierarchy of central places as estimated by Spielmann can be 
summarized as follows (also see Map IV-1): 
Level 1 (National center): Guatemala City. It also includes 
Amatitlan, San Juan, San Pedro Scatepequez, Villa Nueva, 
Chinautla and Villa Canal es...suburbs of the capital. 
Level 2 (Superior center): Quezaltenango. 
Map IV-1. Spielmann's version of the central places in Guatemala 
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Level 3 (Big centers): Mazatenango, Huehuetenango, Escuintla, 
San Marcos, Coatepeque, San Pedro, Puerto Barrios, Zacapa, 
Chiquimula, Retalhuleu, Coban, Jutiapa, Totonicapan, 
Jalapa, Santa Cruz Quiche, Solola, Salama. The category 
of big centers also includes the following binuclear 
centers that exhibit complete central functions: Antigua-
Chimaltenango; Cuilapa-Barberena. Some mononuclear 
centers with incomplete central functions are found within 
the category of big centers, viz: Santa Lucia-Patulul; 
Chiquimulilla-Taxisco; El Progreso-Sanarate. 
Level 4 (Medium centers): Rabinal, Morales, Gualan, Asuncion Mita, 
Tecpan Guatemala, El Tumbador, Ipala, Chicacao. In 
addition, two other medium centers have special functions. 
They are the port of San Jose and the religious center of 
Esquipulas. 
Level 5 (Small centers). A total of 186 centers fall into this 
category. Their centrality index ranges from 5 to 30. 
Given the number of centers and the dispersion of their 
index of centrality, the category of small centers is 
subdivided into two groups: Representatives of group one 
are centers such as Chichicastenango, Colomba, Santiago, 
Atitlan, Nebaj, Chiche, Panajachel, Soloma. The most 
important centers of group two are San Pedro Carcha, 
Momostenango, Joyabaj, San Luis Jilotepeque. 
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Level 6 (Local centers): Centers with centrality index less than 
5 fall into this category. Because of their number, these 
centers are not identified by Spielmann. 
A similar investigation on the economic landscape of Guatemala 
was carried out by Carol Smith (46). Smith's exhaustive study of the 
western highlands of Guatemala focused upon the market structure. 
She was able to single out a two-tiered market system of ladino (non-
Indian) market towns and Indian market towns. 
In the specification of the hierarchy of places in the western 
highlands of Guatemala, Smith uses 30 commodity groups in the calcula­
tion of the index of centrality for the various places. The index of 
centrality was of the form: 
C = 100 (t/T) 
where t is the number of establishments in the place and T is the 
total number of establishments in the whole region. 
Smith's system is described below, and it is portrayed graphically 
on Map IV-2. 
Primary centers: Quezaltenango. 
Secondary centers: Mazatenango, Coatepeque, Huehuetenango, 
San Pedro-San Marcos, Santa Cruz del Quiche, Solo!a. 
Tertiary centers: Retalhuleu, Tiquisate, Santa Lucia Cotzumalguapa, 
Malacatan, Pajapita, Chimaltenango, Soloma, Jacaltenango, 
Jebaj, Joyabaj, Tacana, Uspantan. 
UAH CAmtC 
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Map VI-2. Carol Smith's version of the central places in Guatemala 
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The Smith study generally confirmed Spielmann's work and provided 
detailed insights into the exact nature of the ladino-Indian market 
relationship. 
An Updated and Refined Central Place Hierarchy for Guatemala 
The need to update and refine the previously reported hierarchies 
for Guatemala came about on two counts. First, the data base used by 
Spielmann, besides being old, did not provide the desired level of 
detail. More information was needed on the relationship and centrality 
of the places at lower levels in the hierarchy. Second, Smith's 
impressive level of detail and work concentrated on too small an area 
when considering the study area of the present inquiry. 
The information that served as the basis for the present definition 
of the hierarchical structure of places in Guatemala came from a 
comprehensive survey undertaken in 1980. The survey contained a 
total of 190 questions related to topics from population to the presence 
of parks and movie theaters of the settlements studied. All towns 
with populations larger than 500 were included in the study. A 
sample of 15 percent of all towns with population below 500 was also 
studied. 
The hierarchy of urban settlements was initially generated using 
the number of retail and service establishments within a given settle­
ment as the indicator of its centrality. Economic activity was thus 
allotted paramount consideration. This criteria allowed the evaluation 
of centrality of places based on true economic significance for the 
surrounding area. 
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The use of the number of retail and service establishments as a 
measure of centrality was surmised to be a strong indicator of 
centrality based on two postulates. On the one hand, the profit 
seeking motivation of entrepreneurs will guarantee that the placing of 
a business in a given settlement will reach a sufficient clientele to 
justify its permanence. On the other hand, the number of a given kind 
of business ventures in a settlement serves as a good proxy for the 
strength of its centrality. Given free entry, two or more identical 
businesses in a locality suggests that it has comparatively more 
capacity to exert attraction on its surrounding area. The size of 
the area of attraction will depend on the population density and, 
more importantly, on the purchasing power of those residing within the 
area of influence. 
The hierarchy of central places portrayed in Map IV-3 was 
determined using a centrality index similar to the one used by 
Spielmann and described above. Levels in the hierarchy were designated 
by arraying the centrality scores of all the settlements in descending 
order of size and using breaks or gaps in the sequence thus shown as 
divisions between levels. This method resulted in five separate 
levels and a total of seven levels was finally derived by adding 
Guatemala City as level one and dividing the lowest level into two 
separate levels. 
The number of significant breaks in the continuum of scores was 
the main consideration in the decision with respect to the number of 
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hierarchical levels to specify. Hans Spielmann's (48) work also 
suggested the existence of seven hierarchical levels. He was unable 
to obtain differentiation of the last two levels mainly due to data 
limitations. Table IV-1 shows the settlements in levels 1 to 4 for 
this first approximation. 
Table IV-1. Guatemala: Hierarchy of central places determined using 
the number of retail and service establishments within 
settlements 
Level 1: Guatemala City 
Level 2: Quezaltenango 
Level 3: Coban, Huehuetenango, Puerto Barrios, Jutiapa, Zacapa 
Level 4: Chimaltenango, Totonicapan, San Marcos, Jalapa, Santa Cruz 
Quiche, Panajachel, San Pedro Sacatepequez, Jocotan, Morales, 
Esquipulas, Salama, Malacatan, Chichicastenango, San Pedro 
Carcha, Mataquescuintla, Asuncion Mita, Gualan, San Juan 
Sacatepequez, Solola, San Miguel Flores, San Cristobal Toto, 
Tecpan Guatemala 
*Here Guatemala refers to the Integrated Area Development Study 
Area. See Chapter I. 
The first hierarchical array of settlements embodied the formal 
infrastructure for economic transactions: that of established 
business ventures. The nature of the Guatemalan economy (periodic 
economic transactions in rural area, nonubiquitous monetization) made 
it necessary to incorporate shops in periodic markets as an additional 
hierarchical dimension. 
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For the different towns the number and types of shops that are set 
up during market days was used as an indicator of their relative 
importance in the periodic market system. The periodicity of the 
exchange, as opposed to permanent business locations, was incorporated 
by weighting it at half of the value of the retail and service 
establishments. The resulting hierarchy is documented in Table IV-2. 
Table IV-2. Guatemala:^ Hierarchy of central places determined by 
using the number of retail and service establishments, 
and shops in periodic markets, 1980 
Level 1: Guatemala City 
Level 2: Quezaltenango 
Level 3: Coban, Huehuetenango, Perto Barrios, Zacapa, Jutiapa, Jalapa 
Level 4: San Marcos, Chimaltenango, Santa Cruz Quiche, Totonicapan, 
Panajachel, Morales, Salama, San Pedro Sacatepequez, Malacatan, 
Esquipulas, Jocotan, San Pedro Carcha, Chichicastenango, 
Chiquimula, Asuncion Mita, Mataquescuintla, San Juan 
Sacatepequez, Gualan, Solola 
^Here Guatemala refers to the Integrated Area Development Study 
Area. See Chapter I. 
The amalgamation of the number of established business ventures 
within the periodic markets in a single index of centrality results 
in the conjugation of the methodological approaches used by Spielmann 
and Smith. On the one hand, Spielmann concentrated on business 
ventures in his definition of the hierarchical system for the whole 
nation. On the other hand. Smith paid singular attention to the 
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periodic marketing aspect of the area she studied. Nevertheless, 
both indicators should be considered because they are both an expression 
of the role given settlements' play in the constellation of places that 
make up the economic landscape. 
Comparison of Tables IV-1 and IV-2 indicates an absence of 
changes in the first two levels of the hierarchy. This result is to 
be expected especially if one considers the very large difference 
between Guatemala City and Quezaltenango and the rest of the system. 
For the other two levels in the hierarchy, small changes are registered. 
For example, Jalapa moves from level 4 to level 3 and Chiquimula is 
added to level 4 in the hierarchy. San Miguel Flores, San Cristobal 
Toto and Tecpan Guatemala all fall to level 5 when periodic markets 
are considered. Contrary to other places in the same level, these 
places lack importance as periodic market centers, hence the fall in 
their centrality index. 
The established business ventures and the number of shops set 
up on market days in a given town are, primarily, the reflection of 
the economic role played by any given settlement. Unfortunately, 
determination of centrality on this indicator fails to recognize the 
service providing role of some settlements. This dimension is 
undoubtedly a characteristic that confers centrality to the settle­
ments that perform it. 
Educational, health and recreational service infrastructure were 
added as indicators of centraltiy. The end result was a more 
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Map IV-4. The central places of Guatemala. Final specification 
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encompassing index of centrality. The resulting hierarchy based on 
this index is shown in Table IV-3 and Map IV-4. 
Table IV-3. Guatemala: Hierarchy of central places determined by the 
number of retail and service establishments, number of 
shops in periodic market, and educational, health and 
recreational service infrastructure, 1980 
Level 1: Guatemala City 
Level 2: Quezaltenango 
Level 3: Coban, Huehuetenango, Puerto Barrios, Zacapa, Jutiapa, 
Chiquimula 
Level 4: Jalapa, Totonicapan, Santa Cruz Quiche, San Pedro Sacatepequez. 
Chimaltenango, Morales, Salama, San Marcos, Esquipulas, 
Malacatan, San Pedro Carcha, Panajachel, Asuncion Mita, 
Gualan, Jocotan, San Juan Sacatepequez, Barillas, Solola, 
Tecpan Guatemala, Mataquescuintla. 
*Here Guatemala refers to the Integrated Area Development Study 
Area. See Chapter I. 
The most important results of the inclusion of educational, health 
and recreational services infrastructure as indicators of centrality are 
summarized as follows: Jalapa falls from level 3 to level 4; 
Chiquimula moves to level 3 from level 4; Chichicastenango falls to 
level 5 while Barillas and Tecpan Guatemala move to level 4 after 
being classified as belonging to level 5. 
In the process of determining the central place hierarchy, it 
became clear how insensitive the majority of places were to the use of 
different variables as indicators of centrality. For the most part. 
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once places were classified as belonging to a given level, there was a 
tendency for them to remain at that level. Thus, the presence of a 
formal infrastructure for business transactions is generally accompanied 
by periodic markets and the provision of other social services. Had 
not this been the case, more changes in the composition of the 
hierarchical levels would have been noticed. 
The distribution of central places presented in Map IV-4 reflects 
the importance of different places within the total system of settle­
ments when businesses, periodic markets and the provision of social 
services are used as indicators of centrality. What follows is an 
evaluation of the estimated system. 
Observations on the Hierarchy of Cities in Guatemala 
The analysis of the estimated hierarchy will be dealt with on 
two levels of aggregation. On the first level, emphasis will be given 
to the position of cities within the total system. Their spatial 
order will be the object of the second level. 
The urban structure characterized by the presence of one very 
large city that overshadows all other cities in the hierarchy 
(including the next largest city in the hierarchy) has been known as 
the primate city structure. The urban hierarchy of Guatemala 
exhibits this same feature. The problems associated with this 
phenomenon have been pointed discussed by Mauser (20): 
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These cities tend to be "parasitic" in the sense that they 
tend to obstruct economic growth in their country of location 
by retarding the development of other cities in the nation, 
by contributing little to the development of their own 
hinterland 
The primate nature of Guatemala City has its effect on the totality 
of the hierarchy. Quezaltenango, the city of next hierarchical level, 
is of a considerably smaller size. Moreover, the centrality index of 
Quezaltenango (9175) is much larger than the index of the city in the 
next level of the hierarchy, Coban (3136). Disproportionate differences 
between central places of contiguous hierarchical level is as inadequate 
as total uniformity among them. 
The phenomenon of primate cities has been contrasted in the 
literature with the system of cities that characterizes the more 
advanced industrial countries. However, Mehta (32) found that the 
problem of primacy is not exclusive to less developed countries. 
Using Spearman rank-order correlation on 87 countries ranked by 
primacy and level of development, he concluded that primate cities 
were not exclusive of underdeveloped countries of the world. In his 
study, Mehta classifies Guatemala as fourth in the ranking of the 
selected countries according to primacy (32) and fifty-third according 
to per capita national product. 
The fact that some parts of the country were not included in the 
present study (see Chapter I) makes the comparison of the estimated 
progression of cities to Christaller's theoretical system difficult. 
This difficulty is particularly acute when attention is focused on the 
higher levels of the hierarchy. Nonetheless, this problem is less 
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severe at the lower levels because places are related to more spatially 
bounded hierarchical systems. Cognizant of this limitation, only 
lower levels of the hierarchy will be discussed. 
A total of 21 places were classified within level 4 of the 
hierarchy. Sixty-four places were identified in level 5. Levels 6 and 
7 each exhibited 272 and 1310 places respectively. This progression 
indicates that there is a ratio of 3 level five places for each level 
four place; 4 level six places for each level five place; 5 level 
seven places for each level six place. 
The ratio between level four and level five places exhibits the 
greatest deviation from the theoretical ratio of 6 places for each 
place of next higher category. This result indicates the lack of 
intermediate level cities to serve as a link to the smaller and numerous 
level six and seven settlements. 
The evaluation of ratios performed above suffers from a serious 
shortcoming. It only views the progression of places without reference 
to their spatial ordering. Thus, the need to view the system at the 
second level aggregation as was indicated in the introduction to this 
section. 
Analysis of the spatial ordering of the hierarchy is an entirely 
graphical process. It involves mapping the hierarchy before proceeding 
to the analysis of the geographical location of places of different 
hierarchical levels. For example» the system associated with a level 
four place can be evaluated by looking at the location of the 
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surrounding level five and level six places. The analysis becomes 
more area specific the lower the level of the hierarchy that is 
evaluated. 
The analysis of the entire study area for the purpose of evaluating 
the spatial distribution of the estimated hierarchy is not discussed 
at length here. For our purposes, this analysis is only an intermediate 
step in the process of deciding on the possible location of public 
investment. 
In general, the examination of the spatial ordering of the 
hierarchy revealed that in Guatemala three types of areas can be 
characterized. On the one hand, there were those areas in which a 
place of a given hierarchical level lacks surrounding places of 
lower level. On the other hand, there were areas occupied by places 
of the same hierarchy without a place of higher order to organize 
the system. Finally, some areas showed a complete lack of places of 
significant hierarchical level. 
In analyzing the spatial ordering of places, it should be kept 
in mind that the theoretical arrangement (Christaller) of places 
is not of rigid application. This will very inter alia upon the 
distribution of and socio-economic variation in the population. 
Therefore, a thorough understanding and explanation of the present 
arrangement of central places requires an evaluation of the specific 
historic and socio-economic factors that shaped the existing system. 
This type of inquiry falls outside the scope of this study. In fact, 
it constitutes a research topic by itself. 
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For those areas with weak linkages, public investment should be 
undertaken with the dual purpose of providing social services as well 
as to engineer a better hierarchical arrangement. Given this orienta­
tion, the hierarchy of central places becomes the reference point in the 
location of investments. 
An adequate hierarchy of central places is seen as a prerequisite 
for involving the different parts of the territory in the nation's 
development efforts. It also promotes interaction among widely 
scattered places, thus enhancing the possibilities for inward develop­
ment. 
There are other benefits to be gained in Guatemala by making the 
structuring of a more appropriate hierarchy of central places an 
explicit development policy. Those central places then become of 
particular importance for the maximization of the impact of investments 
geared toward affecting dispersed population. The whole idea of urban 
functions in rural development rests on this concept (41). 
Infrastructure investment so oriented has a two-pronged effect (23). 
First, it allows restraining and redirecting the growth of large towns 
by encouraging development in existing medium and small towns. Second, 
it fosters the permanence of the agricultural community with which 
smaller towns are closely associated, thus decreasing the migration 
flows to already overgrown settlements. 
Implementation of agricultural and development policies is 
hindered in an environment of debilitated cohesiveness. Missing links 
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in the hierarchy make it more difficult for innovation and changes to 
make their way down to the rural populace. Agricultural producers do 
not come in contact with places where they may get acquainted and 
become exposed to new inputs or new ways of doing things. Also, 
according to Owen (36), isolated communities, by remaining ignorant 
of market opportunities, make little contribution to the attainment of 
national production goals. 
In summary, the estimated system of central places for Guatemala 
indicates the presence of areas with debilitated territorial cohesive-
ness due to the lack of central places to serve them. The important 
supportive roles played by the hierarchy underlined the need to 
consider the structuring an adequate hierarchical arrangement of 
places as an explicit development policy. 
In Chapter VI, the location of public investment is undertaken 
with the explicit intention of molding the hierarchical arrangement 
of the area involved. In the decision process, the hierarchical 
arrangement and the attempt to reach unserved population become the 
primary areas of concern. 
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CHAPTER V. DETERMINATION OF THE SPATIAL DISTRIBUTION OF 
DEVELOPMENT INVESTMENT PRIORITIES 
In this chapter, information on the potential increase in food 
production is related to rural physical and social infrastructure in 
order to define the spatial distribution of development investment 
priorities. The priority for investment in physical and social infra­
structure is established using gap analysis. Priority areas in terms 
of food production are specified using the results presented in 
Chapter III. 
The priority for development investment is established as the 
county level (see Annex D). It was performed using the idea of inte­
grated rural development. In this respect, potential for increases in 
agricultural production and requirements in physical (roads) and social 
(health, education) infrastructure were the component elements. The 
counties' requirements of water and electricity were also added in the 
priority establishment process based on the findings of the local 
participation study (9 ). Most importantly, these two elements are 
undeniable members of the social infrastructure group. 
In its usual form, gap analysis is performed by comparing the 
existing situation with some specified standard. In the case of social 
infrastructure, the number of health posts of a given county would be 
compared to a standard that specifies how many health posts are required 
for a given population size. 
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The main problem in the application of this methodology is the 
definition of the benchmark against which the existing condition will 
be compared. The size of the gap will then be influenced by the choice 
of the standard. 
Most empirical applications of gap analysis use international 
standards. However, international standards are grossly misleading 
since they usually convey average requirements among fundamentally 
different countries. The differences are not only cultural, but more 
than anything else, there are also profound socio-political differences. 
Recognition of this problem has led to the use of national or regional 
averages as a standard. But here again, the application of a unique 
standard to areas of differing conditions produces estimation of an 
investment level much greater than what the area can support. 
The application of gap analysis presented in this chapter uses a 
rather innovative definition of standards. Standards are defined using 
regression equations for the different services. Existing infrastructure 
is used as a dependent variable. The characteristics of the area 
(county) that have most to do with the type of infrastructure are used 
as independent variables. The predicted value of this regression is 
then used as the standard against which the existing level of infra­
structure is compared in order to ascertain the existence of insuf­
ficiency of the given infrastructure. 
The standard thus derived avoids the error introduced by the use of 
international standards. In this case, the investment performance of 
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the country is used as the reference point. Also, this standard is 
not unique. It varies according to how much of the characteristics 
related to the infrastructure are exhibited by the different areas. 
An additional advantage is obtained by deriving standards by way 
of regression equations. The resulting independent variables 
(characteristics) are indicative of the historical valuation that has 
been given to the different characteristics in the spatial allocation 
of investments. 
Application of gap analysis when these types of standards are used 
also results in a more "objective" establishment of investment priorities. 
It is a widely commented fact that decisions to locate investments are 
sometimes influenced by "nontechnical" factors. For example, a common 
criticism levelled against developing countries is that government 
officials try to locate investments (especially roads) directly 
connecting or in the vicinity of their ranches and farms. To this 
respect, the present method for defining the spatial allocation of 
investment completely neutralizes this effect because it takes the 
appropriate characteristics of the counties to arrive at their required 
level of infrastructure. When "nontechnical" considerations have 
influenced the location of investment in areas that do not exhibit the 
characteristics to support it, no gap will appear and such areas will 
show low investment priority. 
The use of regression equations allows the estimation of standards 
on the basis of more than one characteristic of the counties. Further­
more, the standard applied to each county will depend on the specific 
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level of those characteristics exhibited by each county. 
The range of characteristics (independent variables) that could 
be used in the estimation of the standard setting equation was limited 
by data availability. This is particularly the case with regards to 
roads, health, education, water and electricity. Also, there was an 
explicit attempt to maximally utilize the data gathered by the rural 
infrastructure and service survey. For the most part, the data 
generated by this survey was the only data available for the study area 
at the county level. 
In this chapter, the regression equations used to derive the 
standards for the individual physical and social services are first 
explained. Investment priorities are assigned to each one of the 
182 counties (see Annex D) on the basis of the estimated gaps in the 
services considered. The spatial distribution of these priorities 
is displayed in maps. Individual investment priorities are combined 
with the potential for increase in food production to produce a multi­
dimensional investment priority index. The expressed needs of the 
rural population are then used in the form of weights to derive a 
composite index of investment priority. An evaluation of the uses and 
limitations of the proposed methods brings this chapter to a close. 
Definition of the Spatial Distribution of 
Public Investment Priorities 
What follows is the application of gap analysis to individual 
physical and social service infrastructure. Estimated gaps are used 
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in the definition of development investment priorities. 
Road investment priorities 
The spatial distribution of road investment priorities is defined 
in terms of the observed gap between the size of the counties' present 
road network and a specified standard. 
To begin, the general characteristics of the counties that need 
to be considered in the definition of the standard are discussed. 
The estimated regression equation and its uses is then presented. 
Finally, the spatial distribution of investment priorities, as indicated 
by the size of the estimated gap, is provided. 
For the most part, the need for mobility arises from three main 
sources: people, the provision of services to people and the need to 
move inputs and outputs for economic activity. 
People and roads are related through the mobility requirement. 
Large populations are able to generate larger numbers of trips which 
in turn result in an increased demand for road services. 
To understand the connection between roads and the provision of 
social services, one must consider the population's need for mobility 
in order to use those services. Roads then become necessary to improve 
the cohesiveness of the territory so that those services become available 
to the population. 
Agricultural production constitutes the main form of economic 
activity in the study area. It is thus expected that more land in 
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agricultural use will entail a greater need for roads in order to move 
both inputs and products. 
The broad relationships outlined above are empirically incorporated 
into the regression equation described below. As mentioned before, 
this equation produces the moving standard used in the estimation of 
road gaps. 
R = 15.624 + 0.00089 P + 0.00065 A + 6.9007 D + 0.3304 CP 
(0.008) (0.064) (0.0001) (0.006) (0.118) 
- 22.4329 PB = .51 
(0.416) 
where 
R = size of the county's road network. 
P = total population of the county. 
. A = land area of the county (in acres). 
PB = proportion of the county which is covered with forests. 
D = total number of doctors in the county's health service delivery 
system 
CP = total number of primary school classrooms of the county's 
education delivery system. 
The number in parentheses represents the probability level of the 
t test for the regression coefficient. 
The larger the land area of a county, the larger the size of the 
road network that is needed to service it. This rather obvious relation­
ship is reflected in the positive coefficient attached to this variable 
in the regression equation. The same can be said in terms of the 
relationship and regression coefficient for the population variable. 
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As previously indicated, agricultural production constitutes the 
main form of economic activity in the study area. As such, land use 
becomes an important indicator of the intensity of productive activities 
in a given county. It is thus expected that more land in agricultural 
use will ential a greater need to move both products and inputs. In 
terms of the regression equation, the percentage of land area covered 
by forests represents the extent to which the land is not being 
utilized for agricultural pursuits. As a result, area in forests 
should decrease the size of the road network needed to transport 
produce and inputs for agriculture. This fact is reflected in the 
negative coefficient attached to the variable "PB: proportion of 
the county which is covered by forests" in the regression equation. 
The number of doctors (D) and classrooms of primary schools (CP) 
were chosen as indicators (proxy variables) of the availability of 
health and education services respectively. In general, the variable 
"number of doctors" is highly correlated with the number of health 
centers in the county, thus reflecting the availability of health 
services (not just the availability of doctors). Similarly, classrooms 
and teachers are almost interchangeable. Hence, classrooms indicate 
the general availability of education services. 
The percentage of the land area covered by forests in a given 
county reflects the extent to which land is not being put into agri­
cultural use. But this does not imply that all land not in forests is 
apt for intensive use; very likely, some of this land is of poor 
quality or altogether unsuitable for profitable utilization. This 
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results in some overstatement of the road gap in certain cases. The 
amount of overstatement of the road gap will depend on the extent to 
which land not in forests is completely sterile. However, two factors 
help to minimize the impact of this error. First, the predicted size 
of the road network (standard) for a given county also depends on 
other characteristics besides the percentage of forests. Second, the 
proportion of altogether sterile land in the counties investigated 
is never a very high proportion of total area not covered by forests. 
The derived standard to be used for each county in order to 
ascertain its road gap will vary according to the county's particular 
characteristics. To illustrate the process we shall focus on the 
county of San Marcos. San Marcos presents the following characteristics: 
Population : 21,775 
Area : 12,695.8 acres 
Percentage of forests : 0.573 
Number of doctors : 4 
Number of classrooms (primary): 60 
Given these characteristics, the estimated size (standard) of the road 
network in San Marcos is 77.8 kilometers. Presently, San Marcos has 
24.0 kilometers. Hence, a gap of 53.8 kilometers is assigned to this 
county. 
It should be remarked that the standard for comparison is obtained 
by looking at a set of characteristics, i.e., the idea of basing a 
decision on roads by concentrating on only one variable is abandoned. 
96 
Moveover, those variables (characteristics) are indicators of the 
dimensions which possess significant explanatory power of the existing 
road network at the county level-
The procedure used for San Marcos was applied to each one of the 
182 counties of the study area. The result is a complete listing of all 
counties and their associated deficit or surplus of roads. Counties 
with a surplus were not of concern. Attention was concentrated on 
those counties where the estimated standard surpassed the present 
size of its road network. 
For display purposes, the counties' road deficits are grouped in 
four categories. The cutting point for each category was determined 
by looking at the two extreme points in the continuum of deficits and 
dividing this difference by four. The quotient was then used to specify 
the range of values that belong to each one of the four categories. 
All counties with a road surplus were lumped into a single group. 
For our purposes, this group constituted the lowest investment priority. 
Counties with the largest gaps are considered of highest priority 
for investment in roads since they possess all the ingredients (as 
summarized in their characteristics) to justify additional kilometers 
of roads. Using this approach, the five categories mentioned above 
constitute the priority ranking of the counties in terms of their road 
gap. Category five includes those counties with the highest road 
investment priority. The priority decreases as one moves towards 
category one (lowest priority). The spatial distribution of road 
investment priorities is depicted in Map V-1. 
Map V-1. Guatemala: spatial distribution of priorities for investment in road infrastructure 
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Health investment priorities 
The same approach used for defining the gap for roads was applied 
to this service. In this case, however, the population and its 
characteristics were given primary consideration. 
The prevalent rurality of the population under consideration 
dictated that the total number of health centers and health posts be 
taken as the general indicator of the available infrastructure for the 
delivery of health service. 
In the search for the best set of the counties' characteristics 
to be used as the basis for the setting of the health service standard, 
particular emphasis was placed on population characteristics and the 
capacity shown by the counties to make this service available to the 
population. 
In the estimation of the standard setting equation, the 
following variables were included: population between 0 and 12 years 
old, size of the road network and population density. 
The fitted regression equation was the following: 
S = 1.364 + 0.000115 YPOP + 0.00493 R + 0.0000327 PD = .20 
(0.0001) (0.0015) (0.0565) (0.9547) 
Where 
S = total number of health centers and health posts in the county. 
YPOP = population between 0 and 12 years old. 
R = size of the road network in kilometers. 
PD = population density. 
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The importance of the young population as a deciding factor for 
the establishment of health centers in a given county is a tenable 
criterion. The size of the 0 to 12 age group thus becomes an important 
criterion in determining the size of the county's health delivery 
system. 
The phenomenon of clustering of investments, widely discussed in 
development literature, finds a clear expression in the presence of 
the road network as an important variable in this regression equation. 
In this respect, counties with a given network of roads have the 
adequate physical infrastructure to support a health delivery system 
of a specified size. Thus, investment in roads in a given county has 
the effect of raising the standard (predicted value) used to estimate 
the county's gap in health delivery infrastructure. At the same time, 
an increase in the size of health delivery infrastructure causes its 
predicted size of the road network (standard) to go up. 
The simultaneous influence exhibited by roads and health delivery 
infrastructure causes the gaps estimated for a given county to lag 
behind their true value at a given point in time. However, since the 
gaps are reestimated after each round of investments, the new level of 
roads and health delivery infrastructure will influence the standard 
in the period following that in which the investment took place. 
Population density (PD) is the weakest variable in the model; 
even so, it allows the concentration of population to correct for the 
demand for health services. Counties with greater concentrations of 
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population are taken to have all the necessary ingredients to rational­
ize the installation of health services on the grounds that the generated 
demand has the right characteristics to be satisfied. 
The predicted values produced by the regression equation consti­
tuted the standard against which the county's present size of the health 
delivery infrastructure is compared. The resulting gaps were grouped 
into five categories in a manner similar to the procedure used in the 
case of roads. The spatial distribution of priorities for investment 
in health delivery infrastructure is presented in Map V-2. 
Education investment priorities 
The number of primary school classrooms was chosen as the indicator 
of the availability of education services. The choice of this variable 
is grounded on the predominance of rural population in the area studied 
and the degree of sophistication in the type of education that can be 
feasibly make available at this level. 
The following set of variables were finally included in the 
standard setting equation: population of school age children (7-12 
years), number of classrooms for basic/vocational education and the 
number of kilometers of paved and all year roads. 
The population of school age is an undeniable characteristic 
that should play a role in setting the standard size of the education 
delivery system. 
Similar to the findings in the gap analysis for health, the role 
played by roads in the determination of the gap for education services 
Map V-2. Guatemala: spatial distribution of priorities for investment in health delivery 
infrastructure 
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is mostly that of an indicator of the capacity to make this service 
available to possible recipients. The simultaneity between roads and 
health services is also encountered in the case of education services. 
The one period lag in the size of the gap also applies in this case. 
Again, the reestimation of the gap in order to set priorities after 
an initial round of investments will allow previous investments to 
be taken into account. 
The linkage between primary education and vasic/vocational 
education constitutes the logical explanation for the importance of 
the number of basic/vocational education classrooms in the definition 
of the size of the county's primary education system. Basic/vocational 
education constitutes the next step in the educational ladder. Primary 
education establishment generates the students that later enroll in 
basic/vocational education. With this in mind, it is easy to see that 
a given installed capacity for the provision of basic/vocational educa­
tion generates a demand for education at the lower level (primary 
education). 
The fitted regression equation is the following: 
CP = 6.3436 + 0.0098 SAP + 0.0717 RPA + 0.5418 CV = 0.79 
(0.0001) (0.0001) (0.0450) (0.0001) 
where 
CP = number of primary school classrooms. 
SAP = school age population (7-12 years) 
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RPA = paved plus all year roads. 
CV = number of classrooms for basic/vocational education. 
The education delivery system for a given county is evaluated in 
terms of these characteristics. The predicted value obtained from the 
regression equation is the standard against which the present availa­
bility is compared. The size of the standard will very in accordance 
with how much of the above characteristics are exhibited by the different 
counties. 
The difference between the estimated standard (indicated by the 
predicted number of classrooms of primary schools) and the present 
supply constitutes the grounds on which counties are assigned a 
priority level for this type of investment. The existence of a 
positive gap for a given county means that it has all the characteristics 
to justify an infrastructure for the delivery of education services 
(classrooms) superior to what it presently has. Most of all, those same 
characteristics had justified this type of investment in other counties. 
Counties where the gap is the greatest are considered of highest invest­
ment priority. Proceeding in the same form as before, they were 
gouped in five categories of investment priorities and are presented in 
Map V-3. Counties with the highest priority are represented by the 
darkest shade; fading shades indicate decreasing investment priority. 
Investment priorities for potable water distribution system 
The treatment given to this form of social infrastructure was 
mostly determined by the type and quality of the available variables 
Map V-3. Guatemala: spatial distribution of priorities for investment in primary school 
classrooms 
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that measure access to potable water. In general, the available 
variables were of the dichotomous type (yes/no). To aggregate the 
information at the county level, the percentage of places (lugares) 
within the county that answered yes to the given question becomes an 
indicator variable of the presence of that service. 
The limited choices for adequate dependent variables dictated that 
the percentage of places (lugares) with a water distribution system be 
chosen as the reference variable for the gap analysis. If, for 
instance, a county presently exhibits 70 percent of its places with 
this service and can afford (in terms of its characteristics) to 
deliver it to 90 percent of them, it is considered to be a potential 
candidate for investment. The level of investment is measured by the 
gap between the percent of places services (70) and the percent 
serviceable (90), i.e., 20 percent. 
The following is the fitted regression equation that served as the 
basis for estimating the gaps in the water distribution systems: 
WDS = 1.350 + 0.3040 PAR + 0.00150 PD + 0.4627 PWS - 0.00099 LA 
(0.818) (0.0001) (0.335) (0.0001) (0.0094) 
= .40 
where 
WDS = percent of places in the county with a water distribution 
system. 
PAR = percent of places in the county with all year access by roads. 
PD = population density-
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PWS = percent of places in the county with water springs. 
LA = land area of the county. 
The percentage of places with springs as an explanatory variable 
of the existence of a water distribution system allows to correct for 
the feasibility to provide this service. Hence, special attention 
should be given to those counties where water sources exist but are 
lacking distribution systems. From another viewpoint, the explanatory 
power of this variable indicates that decisions to provide this service 
have considered the location of sources of water to distribute. Thus, 
counties with a high percentage of places with springs and a low 
percentage of places with water distribution systems represent areas 
with promising feasibility for this kind of investment. 
Both the population density of the county and the size of its land 
area give consideration to the feasibility of making available water 
distribution systems in the process of estimating the standard. It 
is more costly and troublesome to supply this service to a widely 
dispersed population than to human settlements of regular size. 
Consequently, we should expect a positive relationship between population 
density and the percentages of places with water distribution systems. 
On the other hand, to a larger territorial area there corresponds a 
more expensive physical infrastructure for water distribution. This, 
of course, assumes many areas being served from a few supply points. 
Also, the larger the land area of the county, the greater the 
probability of having its population widely scattered. 
Map V-4. Guatemala; spatial distribution of priorities for investment in potable water 
distribution systems 
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Map V-4 exhibits the spatial distribution of priorities for 
investment in water distribution systems. Again, five categories of 
priorities are indicated. Darker areas represent highest investment 
priority (larger gap). 
Investment priorities for electricity distribution systems 
The indicator variable for the availability of this service suffers 
from the same type of shortcomings mentioned for the previous service 
(water). For gap estimation purposes, the percent of places within the 
county that reported having electricity service was used as the 
indicator variable. A major consideration for this choice was also to 
maintain consistency with the water variable. 
The following is the regression equation used to generate the 
standards for gap analysis: 
E = 1.3065 + 0.4129 PAR + 0.00594 PD - 0.000047 LA = .41 
(0.667) (0.0001) (0.0001) (0.1436) 
where 
E = percent of places with electricity in the county. 
PAR = percent of places in the county with all year access by roads. 
PD = population density. 
LA = land area of the county. 
The set characteristics used to estimate the standards are very 
similar to those determined in the case of water. In general, concen­
trations of population increase the feasibility to provide the service 
Map V-5. Guatemala: spatial distribution of priorities for investment in electricity 
distribution systems 
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while territorial expanse increases the cost of reaching a given 
population. 
The regression model predicts the percent of places with electricity 
given the characteristics of the counties. The comparison of their 
present status with their warranted or justifiable status provides the 
basis to determine the counties with priority for investment in 
electricity distribution systems. The continuum representing the gap 
between existing percent of places with electricity and the estimated 
standard was aggregated into five categories in order to be able to 
represent the spatial distribution of priorities for investment in 
electricity distribution systems. It follows from the estimation 
procedure that areas of highest investment priority are synonymous 
with counties with the appropriate characteristics to have a higher 
percentage of their places with electricity than is presently the case. 
Map V-5 depicts counties grouped in five categories with shades 
conveying the same information as in all previous cases. 
Multi-dimensional Investment Priorities 
In this section, the estimated.demand for investment in the five 
services described above and the potential increase for agricultural 
production are blended together in the definition of a methodology to 
establish development investment priorities. This aggregation procedure 
converges in what we have chosen to call general investment guidelines. 
In producing the general investment guidelines, the investment 
priority previously developed for each service is summarized at the 
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county level in a single score. The summarization is such that counties 
with high single scores will display high investment priority in almost 
all of the services considered. For instance, a county with a high 
single score might have been classified as high priority when invest­
ments in health, education and water were considered. That is, a 
high score is synonymous with concomitant need in several areas. A 
drawback of this procedure lies in that it obscures the specific service 
a county is lacking by lumping individual investment priorities in a 
single number. 
Adding the county's potential increase in agricultural production 
to the summary score described above results in a very telling indicator. 
This overall score will be referred to as composite investment priority 
index. In this case, a high total score suggests areas with not only 
significant lack of services but also good potential for increased 
agricultural production. These areas become prime areas for development 
investment if it is deemed necessary that the need for social and 
physical infrastructure be buttressed by potential increase in economic 
activity. Hence, those counties where potential for increase in food 
production and need for social and physical infrastructure coincide 
become of particular importance in the definition of spatial investment 
priorities. It is in these areas where in-depth analysis will indicate 
the true nature and economic feasibility of promoting their development 
by tapping their potentials. Map V-6 depicts the spatial distribution 
of investment priorities based on the composite investment priority 
index. 
Map V-6. Guatemala: spatial distribution of the composite investment priority index 
(Priority for investment in each service weighted equally.) 
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The procedure outlined in the preceding paragraph embodies several 
crucial value judgements. One the one hand, in the derivation of the 
composite priority index, each component was assigned equal weight. 
This means, for example, that health is as important as roads in the 
definition of the composite priority index. One can immediately see 
that the result obtained can be profoundly altered if the weighting 
system changes. But in this case, the priority establishment process 
will be incorporating the subjective valuation of one type of service 
against another. Unequal weights will then reflect how important one 
service is with respect to another in the mind of the decision maker. 
From this vantage point, the assignment of equal weights can be 
interpreted as a value-free system of investment priorities. 
The inherent flexibility of this methodology can be demonstrated 
by simulating the spatial distribution of investment that results from 
changes in the relative valuation of the elements that constitute the 
composite investment priority index. This relative valuation can be 
seen as a reflection of the biases (value judgement) of an assumed 
decision maker. 
Map V-7 is presented to illustrate the shift in the spatial 
distribution of investment priorities when the provision of health 
services weights more heavily. Still, the county's need for other 
services as well as its potential for increased food production play a 
role in the establishment of priorities. The shift in spatial distri­
bution of priorities can be ascertained by comparing Maps V-6 and V-7. 
Map V-7. Guatemala: spatial distribution of the composite investment priority index 
(Priority for investment in health is weighted more heavily.) 
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Using Felt Needs as Weights for the 
Composite Investment Priority Index 
It was mentioned before that deriving a composite index using 
unequal weights for the various components is a form of incorporating 
prejudices or preferences in the process of decision making. In 
this respect, the composite index using "felt needs" as weights is an 
extension of the same concept. 
The expressed needs of the rural population in Guatemala were 
taken from the local participation study which was conducted as a 
component of the Integrated Area Development Study. In the local 
participation study, communities were asked to state their three most 
urgent needs. These needs were then aggregated at the county level in 
the form of percentage of communities within the county that expressed 
a specified need. These percentages were then used as weights in the 
derivation of the Composite Investment Priority Index. For example, in 
the county of Joyabaj it was found that 53 percent of the communities 
expressed water as their most urgent need, followed by electricity 
expressed by 35 percent of the communities, roads by 65 percent, 
education with 29 percent and finally health by 41 percent. The 
surveyed communities expressed other needs besides the ones described 
above, nevertheless, those other needs were indicated by only a very 
small percentage of communities. This fact provided the main basis to 
concentrate on the five services mentioned above in connection with 
the counties' expressed needs. 
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The realization of the potential for food production was not 
included as one possible item which the surveyed communities could 
express as a need. In order to include it in the estimation of the 
composite investment priority index, the county's potential increase in 
food production was given a weight of one. This form of proceeding 
ensured that food production was still allowed to play a role in the 
definition of investment priorities although the expressed needs of the 
community perform a much more determinant criterion. The resulting 
priority index is displayed in Map V-8. As a reminder, this map 
exhibits the investment priority of each county if the rural population's 
desires of given services are used to establish the importance allotted 
to each one of them. 
A comparison of the composite investment priority index obtained 
by using the population's desires as weights with the priority index 
derived by giving equal weight to each component provides a good 
indication of how well people's desires and estimated gaps coincide. 
This step is particularly important when implementation of projects 
necessitates the support of local people to succeed. Congruence 
between these two indices of investment priority is also a very 
good indicator that the development efforts will provide the popu­
lation with the kind of services they want. 
Map V-9 is a graphical depiction of the compatibility between the 
two indices described above. Note that the dark shaded areas are 
those where expressed needs and estimated gaps coincide. In these 
counties, the provision of adequate services is likely to result in 
Map V-8. Guatemala; spatial distribution of the composite investment priority index-
(Expressed desires of the population used as weights.) 
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what is needed and at the same time wanted. The area in broken lines 
represents all those counties where a discrepancy exists between the 
two sets of priorities. Specifically, the priority established on the 
basis of people's expressed desires exceeds the one established by 
giving equal weight to the gap in each service. The opposite occurs 
in the area shaded by an "X" symbol. 
Summary and Evaluation 
The estimated gap between the existing situation and the calculated 
standard for the different services serve as the basis for the establish­
ment of public investment priorities. Thus, these priorities are 
reflecting the implicit assumption that investments should go to those 
areas which are lagging behind the most in terms of those services. 
When the potential for increases in agricultural output is also 
considered, a new dimension is added to the priorities. In such a case, 
high investment priority indicates high potential for development. 
This is so because the absence of physical and social service infra­
structure is accompanied by unrealized potential for agricultural 
production (the main type of economic activity in the area). 
Estimating standards by way of a regression equation, as has 
been done here, implies acceptance of the appropriateness of the observed 
relationship between existing investments and the counties' characteris­
tics. It might be argued that even in the best served counties the 
number of primary school classrooms is insufficient given the number 
of children of school age, the size of the road network and the number 
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of classrooms for basic/vocational education. This could be true. But 
the answer of what is the right level brings us back to the problem 
of providing a figure that is somewhat removed from the socio-economic 
and political realities of the country. 
Because of the multivariate nature of the regression equation, 
more than one county characteristic is considered in estimating the 
standards for the different services. As a result, even if we had 
knowledge of the optimum ratio of primary school classrooms to children 
of school age, the feasibility of attaining such a ratio will be 
constrained by the other capacities that must be available to achieve 
it. In this sense, the regression equation allows those other 
capacities to play a role. Standards based on a single indicator 
fail to make this type of consideration. 
The question still remains with regards to the specific county's 
characteristics to be related to specific services. For instance, 
what determines the set of characteristics on which the road standard 
is established? For our purposes, data availability as well as general 
notions of mobility generating characteristics were the determinant 
factors. The same applied to the other areas in which this procedure 
was applied. A more encompassing theoretical framework of relationships 
can certainly be applied provided the existence of a more complete 
data base. 
The method presented here is rather weak in terms of indicating 
priorities for scarcely utilized land. Although the natural resource 
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data may show some potential for agricultural output, the investment 
priority based on the other components may indicate the opposite. The 
derivation of the standards has to do with this result. In the case of 
roads, the existence of health and education infrastructure is one of 
the bases for inferring roads requirements. In areas where these 
services do not exist, the estimated standard for roads will be low 
and the resulting gap small or none at all. For the case of education 
and health, the presence of people in the area is a determining factor 
in the level of the standard estimated. Again, in unutilized areas a 
low level of residing population is usually the case. Hence, when a 
composite index of investment priority is estimated, the low priority 
in the other services may overcome the high priority assigned by the 
potential for agricultural production. 
The weakness of the methodology mentioned above can be lessened 
by the incorporation of explicit policy directives. For instance, in 
the estimation of the composite investment priority index, policy 
directives (i.e., development of the agricultural frontier) would 
constitute the first screening stage of the areas that will subsequently 
be considered for further assessment of complementary or supportive 
investments. Namely, investment priorities will be established around 
the by now explicit policy directive, thus the described methodology 
will serve as a means to refine the priority setting among the areas 
that fulfill the requirements set by the governmental policy directives. 
The functional form used in the derivation of the standard 
estimation equation assumes linear relationship between the chosen 
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characteristics and the level of investment of the particular service. 
This does not have to be the case. It is possible that as the level 
of the characteristic increases above a certain level, the required 
investment will not increase in the same proportion. This question 
was not explored here but certainly constitutes a possible new area 
of analysis for future research. 
The obtained coefficients of multiple determination {R ) were at 
an adequate level in the regression equations used for estimating 
2 
standards for all services except for health. A low R in health 
suggests the existence of a wide disparity among the counties in terms 
of the health delivery infrastructure they possess. That is, counties 
with similar sets of characteristics exhibit very different levels of 
health investment. 
2 Another possible source of the low R in the health equation is the 
functional form used. By the same token, the set characteristics chosen 
to estimate the equation may not be the appropriate one. As reported, 
the problem of the functional form was not explored here. In relation to 
the characteristics, although the possible range was constrained by 
data availability, a wide variety of them were tested and evaluated. 
The extent of this analysis gives credence to the fact that the location 
of health investment has been performed without sufficient consideration 
of the counties' characteristics that should justify it. 
The spatial development investment priorities determined by this 
methodology provide orientation only as to the general Ideational 
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distribution of gaps which in this context have been taken to determine 
priority for investment. The multitude of areas in need of investment 
make it necessary to consider some form of implementation plan that will 
take into account the government's financial and physical resources. 
This constrained maximization problem is solved using the multiple 
goal programming model presented in the next chapter. 
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CHAPTER VI. MULTIPLE GOAL PROGRAMMING MODEL FOR 
DEVELOPMENT INVESTMENT DECISION MAKING 
The methodological procedure developed and presented in Chapter V 
examines the spatial distribution of public investment priorities based 
on the demand gaps exhibited by the various counties in the study 
area. As previously mentioned in the closing of that chapter, no 
consideration was given to the financial resources of the government 
in terms of what could be done to fulfill those needs. This chapter 
takes up that aspect by treating the question of investment priorities 
using a multiple goal programming model. The model is intended to 
refine the priority setting problem making explicit consideration 
of the financial resource cost of closing those gaps. 
This chapter opens with a general discussion of the various 
multiple goal programming models that have been discussed and used in 
the literature. The multiple goal programming model developed to 
analyze spatial distribution of public investment in Guatemala is 
then presented. Finally, the central place hierarchy developed in 
Chapter IV is linked with the results of the model in deciding the 
allocation of investments at a very micro level of analysis. 
Goal Programming 
In the last twenty to thirty years, the problem of decision 
analysis has been handled more and more by means of processes that 
employ scientific methods in a systematic form! Among the many 
134 
different tools developed and used, linear programming figures as 
one of the most extensively applied. 
A great deal of linear programming applications deal with the 
problem of maximizing an objective function subject to constraints. 
Mathematically, these models can be represented as: 
where C is an nxl vector, A is an mxn matrix, b is a mxl vector of 
constants and X is an nxl vector of unknowns. 
In many situations, however, problems demanding solutions do 
not show a single objective. Moreover, the various objectives being 
simultaneously considered can either be complementary or conflicting 
with each other. Problems of this nature can be handled by the use 
of goal programming. 
The simultaneous consideration of several goals (objectives) gives 
rise to the problem of vector maximization because two or more real-
valued objective functions are to be maximized given a set of 
feasible solutions. The vector maximization problem can be represented 
as: 
Max C'X 
Subject to AX ^ b 
X > 0 
0) 
(2)  
(3) 
Max F(x) = G[fi(x), fgCx),...f^{x)] (4) 
subject to 
X E X 
X > 0 
(5) 
(6)  
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Note that F(x) is an m-dimensional objective function, i.e. 
there are m different objectives; x is an n-dimensional vector of 
decision variables; X is the decision space. Restrictions (5) and 
(6) are in essence defining the feasible region in the decision 
space. Each feasible solution (set of x's) implies a value for each 
objective. Given the value of each objective [fi(x), i = l,...,m] 
the operator G combines the objectives and allows the function F(x) 
to be optimized. The definition of the operator G requires informa­
tion about preferences with which to combine objectives, otherwise 
the objectives are incommensurable. 
The solution of the vector optimization problem consists of 
generating a set of efficient vectors x* on the basis that more 
of each objective is preferred to less. A vector x* is efficient 
if there is no other feasible vector x** such that 
f.j(x**)^ f\(x*) for all i = l,...,m 
f.{x**) > f\(x*) for some i. 
Willis and Perlack (55) had divided the methods of solving for 
the efficient vector x* in two groups: generating techniques and 
goal programming. The weighting method and constraint methods 
fall in the category of generating techniques. The method of 
minimizing the weighted absolute deviations from selected targets 
is classified in the goal programming group. Each technique will 
be explained below. 
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The Weighting Method 
With the use of the weighting method, the solution of the 
multiple goal programming problem is obtained by expressing the 
function F(X) into a scalar form, that is: 
m 
F(x) = z w.f.(x) (7) 
i=l ^ ^ 
The maximization of this linear combination of the individual objectives 
will generate an efficient solution. Zeleny (57) specified the 
conditions required for the solutions to be efficient solutions. 
The constraint method 
Under the constraint method solution to the multiple goal 
programming problem, one objective is maximized while the others are 
allowed to vary. In general, the constraint method can be expressed 
as: 
Max (8) 
Subject to 
X e X (9) 
f.(x) L r. i = 2,...,m (10) 
X > 0 (11) 
While objective 1 is being maximized, the other objectives are 
allowed to vary subject to a lower bound constraint. 
The goal programming method 
The basic strategy of the goal programming method is to minimize 
the weighted absolute deviations from selected targets for each 
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objective. Mathematically, it is formulated as follows: 
m 
Min I (d + d ) (12) 
s=l ^ s 
Subject to 
fgtx) - dg + dg = bg s=l,...,m (13) 
Xg, dg, d">0 (14) 
where d^ and d~ represent the positive difference of the sth objective 
from its target and the negative difference of the sth objective from 
its target respectively, b^ is the level of the goal that is desired 
to be attained. 
As in the weighting technique, decision makers assign weights to 
the relative importance of deviating from each goal, as such the 
objective function becomes: 
m . 
Min z w (d + d ) (15) 
s=l ^ ^ s 
Subject to constraints (13) and (14). 
Each one of the methods presented provides acceptable solutions 
to the multiple goal problem. As it was said before, the type of 
problem and the results required determine to a certain extent the 
specific method used. For example, Cohon and Marks (11) indicate 
that when the analysis of the trade-offs is of particular importance, 
the weighting and constraint methods are of singular value. This 
is the case especially when fewer than three goals are analyzed. 
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On the other hand, the goal programming approach is valuable when 
targets and priorities are well-known and established. 
Formulation of a Model for Public Investment Analysis in Guatemala 
The main attempt of this model is to structure a system able 
to analyze the spatial distribution of public investments in Guatemala. 
A multiple goal programming model seems most appropriate because of 
its flexible and supportive role in the process of decision-making. 
In short, the model employs the demand gaps determined in the 
preceding chapter as the main constituent parts in a form that will 
be explained in the following pages. 
It should be remembered that in the preceding chapter for each 
county in the study area, an estimation was made of its existing 
gap between the warranted demand and the available supply of selected 
services (education, health, roads, water, electricity) as well as the 
potential increase in food production. Each county was then assigned 
an investment priority based on the gap it exhibited on the services 
mentioned. For display purposes, four levels of priority were 
specified. This summarization procedure, however, tended to obscure 
the magnitude of the gaps being considered. A solution to these 
shortcomings is proposed by the model described below in which the 
size of the gaps for each county (i.e., number of primary school 
classrooms) as well as available resources (physical and financial) 
are given explicit consideration. 
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Figure VI-1 illustrates the framework of the model for a hypo­
thetical county. It also shows how the goals interact with the rest 
of the model. In terms of the classification presented in the 
preceding section, this model is a modification of the weighting 
method. 
The model is a mixed integer multiple goal programming model. 
It contains a total of 920 activities and 13 rows of which 10 are 
accounting rows. A total of two bound rows make the model of the 
mixed-integer type. The number of type of resource restraints 
included in the model were mainly determined by the availability of 
information. Further data collection efforts and subsequent uses 
of the model will undoubtedly result in a more precice definition. 
In its present form, the model is intended to demonstrate how 
the data obtained and collected by the Integrated Area Development 
Study could be integrated in a systematic form to aid in the process 
of public investment decision making. 
The weights on education, health, roads, corn and bean production 
are the only nonzero values of the objective function. Assignment 
of different sets of weights indicates the willingness and biases 
of decision makers to close the observed gaps in the various 
services and their desire to realize the potential increase in 
agricultural production. 
The wide dissimilarity in the nominal value of the gaps 
considered presented a very puzzling problem. For instance, a given 
Figure VI-1. Framework fo the multiple-goal programming model for a hypothetical county 
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county may exhibit a gap of 50 kilometers of roads but only 1 or 2 
health posts. Effective competition among the various services for 
the available resources made it necessary to devise some form of 
indexing in order to eliminate the problem of differing magnitudes. 
This problem was solved by standardizing the values of the different 
gaps. For example, in the case of primary school classrooms, the 
whole array of values was converted to standard Z scores with mean 
zero. The same was done for health, roads, corn and bean production. 
As a result, all gaps (unmet service demands) were values that 
ranged from 0.0 to 4.0. This procedure prevented one goal in the 
objective function to dominate the others merely on the basis of 
the magnitude of the values that contribute to such goals. 
The use of the standard Z scores instead of the nominal values 
for the gaps has an additional advantage. As a decision-making 
tool, the value of the objective function indicates how many "points" 
have been fulfilled in each type of service. This interpretation is 
possible because the values in all services are expressed in magnitudes 
of 0.0 to 4.0. With a given set of weights, decision makers can 
examine the number of points obtained in each type of service as 
well as the spatial distribution of the investments that are 
contributing to those points (8). Changes in the weight structure 
will cause the fulfillment of different gaps as well as a different 
spatial distribution of development investments indicated by a 
different set of counties being targeted for investment. 
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Investments in health posts and primary school classrooms must 
come in integer values. It makes little sense talking about building 
one and a half health posts. However, this is not the case for 
roads of for the production of corn and beans. With this in mind, 
the solution method for the model was that of mixed integer 
programming. 
The figures on government budget, construction manpower and 
foreign exchange used for running the model are hypothetical. 
However, their level was based on figures reported by the Ministry of 
Finance of Guatemala for previous years. The government budget 
for investments on social service infrastructure represents the level 
of spending as reported by a World Bank publication (56). Construction 
manpower is taken from the EDOM report (17). Finally, foreign exchange 
availability for these types of projects was calculated as 30 percent 
of the total amount spent by the government on social service infra­
structure. The tentative levels of these figures speak for themselves 
in terms of the room available for improvements. 
The budgetary and foreign exchange requirements for realizing 
potential production levels for corn and beans were estimated on a 
10 metric ton basis. Previous expenditures on agricultural extension 
were divided by the output level to derive the budgetary demands 
to be included in the model. Foreign exchange requirements were 
estimated in the same form as before. 
The implied linear relationship between expenditures and labor 
and the construction of schools, health posts and roads present no 
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major complication. The same cannot be said in the case of attaining 
the estimated potential increase in corn and bean production. In 
this respect, the assumption of a linear relationship is an over-
simplication. Increasing spending on extension service does not 
guarantee the realization of potentials. Even if it did, economies 
of scale may eventually appear in a form that invalidates a linear 
relationship. 
The per unit expenditure needed to bring about the potential 
increase in food production constitutes a research topic by itself. 
Furthermore, expenditures are not the only option for the attainment 
of existing potential. Expenditures need to be analyzed with reference 
to other incentives such as prices and marketing potential. All of 
this represents questions that further research may provide an answer 
to. 
Model Solution #1 
The first solution to the model was obtained using the following 
set of weights: 
Health: 0.25 
Education: 0.38 
Roads: 0.10 
Corn: 1.00 
Beans: 0.80 
Given this set of weights and using the branch and bound procedure for 
the solution level for health posts and primary school classrooms. 
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Table VI-1. Guatemala: spatial distribution of public investments for 
multiple goal programming model solutions #1 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
123 1 - - 3.7 0.4 
125 1 -
126 - 0.4 0.6 
127 - - - - -
128 - - — — -
129 1 43 
130 1 - . - 2.3 0.5 
131 - - 8.6 0.5 
132 - 4.4 
133 - - - 0.6 -
201 1 - - 193.6 46.8 
202 1 - 148.5 3.1 
203 - 155.5 2.4 
204 - 28.2 0.1 
205 - - - 12.3 0.3 
206 - - 58.8 
207 1 - - 717.9 27.4 
208 - - - 48.0 -
401 1 - 19.7 1.6 
402 - 31.3 9.4 
403 - - - 35.9 3.8 
404 1 30 - 1.1 1.7 
405 - 26.5 0.1 
406 1 - 123.7 9.4 
703 - 10.5 0.2 
704 15 - 73.2 0.2 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
705 1 - 65.2 0.2 
705 - - 112.2 1.4 
708 - - 341.7 0.2 
710 - - 13.2 6.0 
712 - - 27.5 5.2 
713 1 - 48.1 0.3 
716 - - 58.3 0.5 
717 - - 125.6 -
719 2 64 137.4 2.3 
801 2 - 9.1 O
 
ro
 
803 - - 16.3 -
804 1 - 31.8 -
805 2 - 211.9 -
806 - - - 0.4 
807 1 - - 3.8 
808 1 - 14.6 -
902 3 23 54.0 -
904 - - 47.3 -
905 - - - -
911 - - -
912 1 - 1 . 1  
914 - - -
915 - - 1 CO
 
-
916 - - 40.0 0.1 
918 1 - 18.0 -
923 - - 0.2 
924 » 19.7 0.2 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1021 24 - - -
1020 - — 30.4 0.3 
1203 — — 3.7 0.4 
1205 1 240.5 5.0 
1206 1 388.0 -
1207 2 434.9 1.6 
1208 1 79.7 3.1 
1209 — — 307.9 2.6 
1210 1 653.7 0.1 
1211 1 - 6.8 8.5 
1215 1 0.4 
1216 — — 225.5 0.4 
1223 — - 49.2 1.5 
1224 - — 26.9 0.1 
1226 1 43.8 0.5 
1227 1 3.0 -
1228 1 94.9 0.7 
1229 - - - - -
1301 - — 32.6 14.6 
1302 — — 168.1 1.4 
1303 1 104.9 10.0 
1304 - — 231.1 4.5 
1305 1 602.4 6.8 
1305 1 209.2 1.7 
1307 - — - — 3.5 
1308 1 365.2 3.9 
1309 M — 342.1 1.9 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1310 119.2 5.1 
1311 527.3 7.9 
1312 - 177.5 2.5 
1313 203.1 3.1 
1314 73.3 5.3 
1315 - 191.5 2.3 
1317 - 420.9 2.1 
1318 543.9 81.9 
1319 57.2 0.4 
1320 98.4 1.9 
1321 159.9 82.2 
1322 - 271.5 4.3 
1323 129.9 3.1 
1324 76.8 0.9 
1325 113.4 7.0 
1326 - — 159.1 16.7 
1327 — — 112.7 4.7 
1329 — — 78.3 5.6 
1330 - - - -
1331 1 149.5 12.0 
1401 — — 137.3 18.5 
1402 1 91.8 -
1403 1 47.8 -
1404 1 180.6 0.7 
1405 1 15 903.3 48.3 
1407 2 340.0 0.9 
1408 1 25.3 0.3 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1409 1 - - 74.9 2.8 
1410 1 - - 88.0 0.4 
1412 - - - 455.0 6.9 
1413 - - - 107.0 10.5 
1414 1 - - 48.2 0.3 
1415 - - 33.51 116.0 22.1 
1416 1 - - 33.7 0.1 
1417 1 - - 8.6 0.1 
1418 1 - - 92.1 0.5 
1502 - - - 251.2 41.0 
1503 - - - 253.1 35.1 
1504 - - - 673.3 93.8 
1505 - - - 98.7 34.3 
1506 1 - - 49.7 1.9 
1507 1 - - 143.3 -
1508 - - - 595.0 10.4 
1601 3 - - 662.7 47.1 
1602 1 - - 81.7 -
1603 2 14 - 97.8 12.1 
1604 1 - - 118.8 2.8 
1606 1 - - 339.7 1.9 
1607 - - - m.i 24.6 
1608 21 - - 985.4 91.1 
1609 1 - - 705.1 8.5 
1610 - - - 463.9 8.6 
1611 1 - - - -
1613 1 23 _ - 17.9 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1614 1 - 252.2 68.8 
1615 1 - — - -
1801 - - 245.2 12.3 
1802 - 18 969.1 17.9 
1803 2 - 628.7 10.8 
1804 - - 107.3 -
1805 - - 606.2 71.8 
1901 - - 276.4 9.9 
1902 1 - 61.2 -
1903 - - 84.4 3.5 
1904 1 - 494.5 62.7 
1905 - - 1.4 0.1 
1907 - - 86.4 5.3 
1908 1 - 119.7 15.7 
1909 - - 122.5 8.0 
1910 - - 89.4 2.0 
2001 2 25 251.3 21.4 
2002 1 - - - 8.4 
2003 1 2 13.4 1.6 
2004 1 - 187.0 5.5 
2005 - - 181.2 -
2006 1 - 82.5 20.0 
2007 1 13 66.9 
Cv
J 
2008 1 - 65.6 44.8 
2009 1 - 136.5 30.8 
2010 1 - 44.7 17.4 
2011 1 » 421.2 45.3 
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Table VI-1 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2201 
2202 
2203 
2204 
2205 
2207 
2208 
2209 
2210 
2211 
2212 
2213 
2216 
2217 
2 
2 
26 
2 
1 
32 
856.1 
310.3 
69.1 
15.1 
250.2 
33.5 
41.3 
16.9 
28.7 
4.0 
114.7 
236.7 
22.2 
28.8 
89.1 
56.8 
42.3 
8.8 
8.4 
57.5 
19.7 
50.5 
66.1 
16.5 
15.2 
3.4 
4.2 
11.8 
48.2 
0.8 
20.8 
3.7 
0.8 
2.0 
3.1 
8.9 
11.5 
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the following levels of investment are indicated: 
114 Health posts 
383 Primary school classrooms 
33.51 Kilometers of roads 
366,872.80 Metric tons of increased corn production 
17,683.00 Metric tons of increased bean production 
Model Solution #2 
For simulation purposes, a second run of the model was performed 
using the set of weights shown below: 
Health: 0.90 
Education: 1.00 
Roads: 0.90 
Corn: 0.50 
Beans: 0.50 
A comparison to the weights used in the previous solution will 
reveal that education is allotted higher weight with investment in 
roads being also given higher weight. Both corn and beans show 
decreased priority. 
The total investment levels for the study area under this set 
of weights is the following: 
97 Health posts 
226 Primary school classrooms 
130.1 Kilometers of roads 
366,784.8 Metric tons of increased corn production 
17,613.0 Metric tons of increased bean production 
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Table VI-2 illustrates the spatial distribution of investments 
at the county level. 
Although more weights it put on education and health, a lower 
number of health posts and primary school classrooms are indicated 
as built in this solution as compared to solution number one. The 
road investment competition for foreign exchange and government 
budget is the main cause of this result. Also, the nature and level 
at which the constraints were specified counteract, to some extent, 
the sensitivity the model should exhibit to changes in the weighting 
schemes. 
The Location of Investments and the Hierarchy of Central Places 
The integration of the hierarchical organization of central places 
as a dimension of significant importance constitutes the next step in 
the process of defining public investment priorities. In this 
section, this integration is illustrated. 
The area of application 
The central place hierarchy as a reference framework for the 
location of public investment can be dealt with on two levels: the 
national level and the area specific level. The level of the hierarchy 
to be considered is mostly determined by the type of public investment 
involved. For instance, the location of a major hospital will require 
attention to the higher levels of the hierarchy. Deciding upon a 
health center will necessitate focusing on the lower levels. 
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Table VI-2. Guatemala: spatial distribution of public investments 
for multiple goal programming model solution #2 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
123 1 - - 3.7 
125 1 - - - — 
125 - - - — 0.6 
127 - - - - — 
128 — — — — — 
129 1 43 
130 - - - - 0.5 
131 - 8.6 0.5 
132 - 4.4 
133 - - - — -
201 - - - 193.6 46.8 
202 - - - 148.6 3.1 
203 - - - 155.5 2.4 
204 - - — 28.2 -
205 - - - 12.3 -
2uo - - - 68.8 -
207 1 - - 717.9 27.4 
208 - - - 48.0 -
401 1 - - 19.7 1.6 
402 - 31.3 9.4 
403 - - - 35.9 3.8 
404 1 30 0 0 1.7 
405 - 26.5 
406 - - - 123.7 9.4 
703 - - - 10.5 -
704 - - - 73.2 
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Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
705 — — 65.2 -
706 — — 112.2 1.4 
708 — — 341.7 -
710 — — 13.2 6.0 
712 — — 27.5 5.2 
713 1 48.1 -
716 — — 58.3 0.5 
717 — — 125.6 -
719 2 64 137.4 2.3 
801 2 9.1 -
803 - - 16.3 -
804 1 31.8 -
805 2 211.9 -
806 — - — - -
807 1 - - 3.8 
808 1 14.6 -
902 3 54.0 -
904 - - 47.3 -
905 — - — — -
911 - - - - -
912 1 — — 1.1 
914 — — - - -
915 - — 31.7 -
916 — - 40.0 -
918 1 18.0 -
923 - — - - -
924 — — 19.7 -
156 
Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1201 
1202 
1203 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1215 
1216 
1223 
1224 
1226 
1227 
1228 
1229 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
2 
1 
30.4 
3.7 
240.5 
388.0 
434.9 
79.7 
307.9 
653.7 
6.8 
225.5 
49.2 
26.9 
43.8 
94.9 
32.6 
168.1 
104.9 
231.1 
502.4 
209.2 
365.2 
342.1 
5.0 
1 . 6  
3.1 
2.6  
8.5 
1.5 
0.7 
14.6 
1.4 
10.0 
4.5 
5.8 
1.7 
3.5 
3.9 
1.9 
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Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1310 119.2 5.1 
1311 527.3 7.9 
1312 - 177.5 2.5 
1313 203.1 3.1 
1314 73.3 5.3 
1315 - 191.5 2.3 
1317 - 420.9 2.1 
1318 543.9 81.9 
1319 57.2 -
1320 98.4 1.9 
1321 - 159.9 82.2 
1322 - 271.5 4.3 
1323 129.9 3.1 
1324 76.8 0.9 
1325 — - 113.4 7.0 
1326 — — 159.2 16.7 
1327 — - 112.7 4.7 
1329 — - 78.3 5.6 
1330 — - — — -
1331 1 149.5 12.0 
1401 — — 137.3 18.5 
1402 1 91.8 -
1403 1 47.8 -
1404 1 180.6 0.7 
1405 — — 903.3 48.3 
1407 2 340.0 0.9 
1408 1 25.3 
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Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1409 1 74.9 2.8 
1410 1 88.0 -
1412 — - 455.0 6.9 
1413 — - 100.7 10.5 
1414 1 48.2 -
1415 — — 125.0 116.0 22.1 
1416 1 33.7 -
1417 — — - 8.6 -
1418 1 92.1 0.5 
1502 - — 251.2 41.0 
1503 — - 253.1 35.1 
1504 — — 673.3 93.8 
1505 — — 98.7 34.3 
1506 1 49.7 1.9 
1507 — — 143.3 -
1508 — — 595.0 10.4 
1601 3 662.7 47.1 
1602 1 81.7 -
1603 2 97.8 12.1 
1604 1 118.8 2.8 
1606 — - 339.7 1.9 
1607 — — 111.6 24.6 
1608 2 985.4 91.1 
1609 1 705.1 8.5 
1610 - — 463.9 8.6 
1611 1 - -
1613 » w « A 17.9 
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Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
1614 1 - - 252.2 68.8 
1615 1 - - - -
1801 - - 5.1 245.2 12.3 
1802 - - - 969.1 17.9 
1803 2 - - 628.7 10.8 
1804 - - - 107.3 -
1805 - - - 606.2 71.8 
1901 - - - 276.4 9.9 
1902 1 - - 61.2 -
1903 - - - 84.4 3.5 
1904 1 - - 494.5 62.7 
1905 - - - - -
1907 - - - 86.4 5.3 
1908 1 - - 119.7 15.7 
1909 - - - 122.5 8.0 
1910 - - - 89.4 2.0 
2001 2 - - 89.4 2.0 
2002 1 - - - -
2003 1 - - 13.4 1.6 
2004 1 - - 187.0 5.5 
2005 - - - 181.2 -
2006 1 - - 82.5 20.0 
2007 - 31 - 66.9 12.4 
2008 1 - - 65.6 44.8 
2009 1 - - 44.7 17.4 
2011 1 - - 421.2 45.3 
2101 2 26 - 856.1 33.5 
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Table VI-2 (Continued) 
Primary Corn Bean 
County Health School Roads Production Production 
Code Post Classrooms (Kilometers) (Metric Tons) (Metric Tons) 
2102 
2103 
2104 
2105 
2106 
2107 
2201 
2202 
2203 
2204 
2205 
2207 
2208 
. 2209 
2210 
2211 
2212 
2213 
2216 
2217 
2 
1 
32 
310.3 
69.1 
15.1 
250.2 
41.3 
16.9 
28.7 
4.0 
114.7 
236.7 
22.2 
28.8 
89.1 
56.8 
42.3 
8.8 
8.4 
57.5 
19.7 
50.5 
66.1 
16.5 
15.2 
3.4 
4.2 
11.8 
48.2 
0.8 
20.8 
3.7 
0.8 
2.0 
3.1 
8.9 
11.5 
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In the present work we should focus on the lower levels of the 
system of central places. This follows from the type of public 
investment that is being considered, viz: health centers, primary 
school classrooms and roads. This small scale infrastructure is 
mainly community based. Its area of influence is restricted to the 
immediate area in which they are located. 
The department of Chiquimula was chosen to illustrate the 
integration of the results of the multiple goal programming model and 
the hierarchy of central places. This choice was based on two 
considerations. First, this department is located in the general area 
that exhibited a rather weak conformation of central places, especially 
at the lower levels. Second, it does not have the disturbing element 
of the road linking the capital city to Puerto Barrios (Port Barrios). 
Map VI-1 of the department of Chiquimula depicts the geographical 
location of population settlements within the department, as well as 
the major roads and connecting paths. Population settlements included 
in the survey of the rural physical and service infrastructure are 
denoted by dots. Settlements not sampled are denoted by a circle. 
Map VI-2 exhibits the spatial distribution of central places 
within the department of Chiquimula. The department head, Chiquimula, 
and Jocotan are both of hierarchical level four. Oicamapa, San Jose la 
Arada, San Jacinto, Quezaltepeque, Concepcion las Minas, Esquipulas, 
Chanmagua and Camotan are all classified as level five. All other 
settlements within the department have a very low level of centrality 
or none at all. 
Map VI-1. Department of Chiquimula. Populated places and infrastructure, 1969 
LEGEND: 
Roads 
CzïZl Footpaths 
[ o I Populated places 
Populated places in sample 
Department boundary 
Source: Institute de Fomento Municipal (24). 
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Chiquimula, the departmental head, and Jocotan (both of hierarchical 
level four) are located at less than 20 kilometers from each other. 
Their proximity has prevented the emergence of places of hierarchical 
level 5 in the county of San Juan Ermita. Chiquimula (level four), 
because of being farther away from places of equal hierarchical level, 
has a more appropriate hierarchical structure as indicated by the four 
places of hierarchy five presently surrounding it. 
The hierarchical system exhibited by the department of Chiquimula 
is illustrative of one of the types of areas characterized in Chapter IV. 
That is, areas in which a place of a given hierarchical level lacks 
surrounding places of lower levels. Note that Ipala, located in the 
southwest corner of the department, is the only place of hierarchy 
six in the whole department. 
Lower order levels in the hierarchy are particularly important 
in promoting territorial cohesiveness. These are the places that 
link directly to the most rural and scattered segment of the population. 
Given the configuration encountered in the department of Chiquimula, 
one can make the case for using public investment as the vehicle to 
mold this level of the hierarchy. This task is the purpose of the 
next section. 
Locating school s and health posts 
In this section, the use of the hierarchy of central places as the 
reference framework for the location of primary school classrooms and 
health posts is illustrated. On the basis of the previous section. 
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the department of Chiquimula is used for this purpose. 
The results of the multiple goal programming model are given at 
the department and county level. That is, given a certain set of 
weights and a specified amount of government resources, the model 
indicates how many school classrooms, health posts and kilometers of 
roads can be located in a given department and at a specified county. 
The same information is obtained for the potential increase in food 
production. In this section, the investment distribution prescribed 
by solution #1 (Table VI-1) of the multiple goal programming model 
will be used. 
The level of investment at the county level can be read from 
Table VI-1. Aggregation of the prescribed investment for each county 
in the department of Chiquimula indicates that a total of 11 health 
posts and 56 primary school classrooms are to be located in this 
department. 
Since the location of additional health posts and primary school 
classrooms is to be decided. Maps VI-2 and VI-3 are introduced for 
the purpose of exhibiting the spatial distribution of existing 
installations. In Map VI-2, the number of primary school classrooms 
in a settlement is indicated by an encircled number. In Map VI-3, 
the health delivery system is broken down according to the type of 
center. 
In the discussion of the hierarchical system in Chiquimula, it 
was remarked that the San Juan Ermita county lacked a place of 
Map VI-2. Department of Chiquimula. Spatial distribution of primary school cl 
LEGEND: 
I O I Populated area 
I ®! Number of primary school classrooms in populated area 
n Central place, hierarchy level 4 
AI Central place, hierarchy level 5 
Dl Central place, hierarchy level 6 
Muni ci pi 0 boundary 
Department boundary 
Source: Institute de Fomento Municipal (24). 
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Map VI-3. Department of Chiquimula. Spatial distribution of health centers and health posts 
O 
LEGEND: 
Health center "A" 
Health Center "B" 
1 a! Health post 
I ^ I Populated places 
Municipio boundary 
Department boundary 
Source: Institute de Fomento Municipal (24). 
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significant hierarchical level that would reinforce the Chiquimula-
Jocotan system (both of level four). As such, this county becomes 
of particular interest as an illustration of the location of public 
investment in the context of the hierarchical arrangement of central 
places. 
We shall concentrate here on the San Juan Ermita county. Nonethe­
less, it is understood that the same procedure can be applied to all 
counties within the department. 
Reference to Table VI-1 indicates that 1 health post and 
2 primary school classrooms are to be located in the San Juan Ermita 
county. Map VI-4 exhibits an enlargement of this county. This 
map also indicates the present location of the only health post in 
the county as well as the location of existing primary school 
classrooms. 
The existing number of primary school classrooms and health posts 
in this county indicates that San Juan Ermita, the county seat, is 
the locality with the highest degree of centrality within the county. 
This settlement constitutes a good candidate for the location of 
additional public investments with the purpose of facilitating its 
promotion in the hierarchical system. 
The word "facilitate" is stressed for two reasons. One, the 
hierarchical level of a place represents the spatial solution that 
has been given to the mobility problem as a form of organic response 
to the particular social and economic circumstances. Second, 
Map VI-4. Proposed location of two primary school classrooms and a 
health post in the munici pio of San Juan Ermita 
A. Primary school classroom locations 
LEGEND: 
Settlement with classrooms 
Settlement without classrooms 
1 * I Proposed location of school classrooms 
Area of influence of existing classrooms 
Area of influence of proposed classrooms 
Footpaths 
Roads 
Municipio boundary 
B. Health post locations 
LEGEND: 
• ^ Existing health post 
rZ^ZJExisting settlements 
1 * 1 Proposed health post location 
[Area of influence of existing health post 
Area of influence of proposed health post 
I ^ Footpaths 
r J Rnads 
Muni ci Pi 0 boundary 
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concentration of investments in one place does not automatically 
raise its hierarchical position and the role it plays in the total 
system (45). 
The county seat, San Juan Ermita, already has 6 primary school 
classrooms and 1 health post. Location of public investment in this 
settlement in order to integrate it to the Chiquimula-Jocotan system 
suggests thoughts of upgrading the type of investment to be located. 
That is, instead of an additional primary school, a basic/vocational 
school can be used. The health post may be converted into a health 
center C. 
Given the above possibility, the primary school classroom and the 
health posts can be used as a way of fostering territorial integration. 
Most of all, these investments can be used to provide services to 
presently unserviced settlements. 
In Map VI-4, the light shaded areas around the present location 
of primary school classrooms and health posts represent their areas 
of influence. This is determined with reference to the present road 
infrastructure in addition to collected information with respect to 
the average distance traveled to have access to these services. 
An average of 3.4 kilometers was reported as the distance 
traveled to have access to education services. For health services, 
a distance of 6.9 kilometers was reported. The use of these two 
distances in the county of San Juan Ermita revealed a large number 
of towns not being under the area of influence of either service. 
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In relation to territorial Integration, attention is directed 
towards the southern part of the county which exhibits a large number 
of settlements of undifferentiated hierarchical level. Greater 
interrelation among these settlements can be achieved if some of them 
are allowed to become of higher hierarchical level than the surrounding 
ones. 
The two pronged purpose of public investment outlined above 
suggests the consideration of San Antonio Lajas as a possible site for 
the location of the investments prescribed by the multiple goal 
programming solution (two primary school classrooms and one health 
post). 
In section A of Map VI-4, the dark shaded area radiating from 
San Antonio Lajas indicates the settlements that can be provided with 
education services when primary school classrooms are located in its 
confines. In section B, the dark shaded area indicates the area of 
influence of the same settlement (San Antonio Lajas) when given the 
benefit of one health post. 
Given the distance traveled to have access to education services, 
the location of the two primary school classrooms in San Antonio Lajas 
leaves some unserviced area in the northwestern section of the county. 
In view of this, the settlement Carrizal becomes of singular importance 
when the provision of education services to most of the settlements 
in the county is a strong consideration. This alternative is also 
depicted in Map VI-4. 
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The location of investments in the context of the existing 
hierarchy of central places presented here illustrates the process 
of creating the conditions for given settlements to move up in the 
hierarchical echelon. In this form, the location of investments in 
San Antonio Lajas intends to put in place investments that will 
facilitate raising it to hierarchical level seven. This will 
coordinate rather properly with the need to improve the position of 
San Juan Ermita to fit into the Chiquimula-Jocotan system. 
In this section, we have expounded upon the decision of locating 
investments in the county of San Juan Ermita with the purpose of 
achieving territorial integration through a more adequate system of 
central places. The same procedure can be applied to the pattern 
of investments prescribed for other counties by the solutions of 
the multiple goal programming model. 
This method of locating public investment has two important 
properties. On the one hand, the level of investment for each county 
is decided on the basis of those characteristics that create the need 
for the type of investment considered. It also takes into account 
existing financial and physical constraints in the fulfillment of 
those needs for the entire study area. On the other hand, the physical 
location of the investment is determined with the dual purpose of 
molding the hierarchy of central places as a way of promoting 
territorial cohesiveness. The need for and benefits of territorial 
cohesiveness were discussed in Chapter IV. 
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CHAPTER VII. SUMMARY AND EVALUATION 
The agricultural production technology study proved that the 
search for improved methods of production in the same country where 
the results are going to be applied is a sound and fruitful exercise. 
For the two crops studied here, the agricultural extension efforts 
have produced significant changes in the production technology. This 
is reflected in the fact that potential increases in output are of 
appreciable magnitude. 
Potential output increments varied from a low of 4 metric tons 
of corn in Chinautla county to a high of 11,600 metric tons of corn 
in Panzos county. In the case of beans, the smallest potential increase 
is 0.4 metric tons while the highest amounts to 937 metric tons. 
On a percentage basis, potential increments in food production fall 
in the range between 0.08 percent of present production and 4,000 
percent. 
The sample size of the production technology study became a 
restriction in the depth of analysis that intermediate results 
indicated as promising possibilities. For example, the fact that 
the chi-square tests indicated a notable difference between the 
production activities that were used by Indians and non-Indians 
dictated the specification of production packages for each group. 
However, the breakdown procedure used to specify the packages ended 
up with insufficient observations to draw conclusions with an adequate 
level of statistical reliability. 
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The sample size also imposed restrictions on the number of 
parameters used in the specification of the production packages. 
Reference to Chapter III proves that the production packages are 
characterized by three parameters. A more complete designation 
would have required more activities to be included, but here again, 
the number of observations represented a very strong limitation. 
The incorporation of soil and bioclimatic data in the sampling 
procedure represent a significant innovation in this kind of analysis. 
Even so, it is not devoid of problems. The availability of this type 
of information could be a problem in many developing countries. Also, 
the superimposition of the basic maps is a tedious and time consuming 
process and could interfere with the timing of the data collection 
effort. Despite these disadvantages, the procedure makes use of 
valuable data that already exists and, in most cases, it is in the 
form of maps which are seldom put to use. 
The topic of agricultural production using inter-cropping methods 
was somewhat deemphasized mostly due to the deficient nature of the 
data which detracted from its utilization in this work. Nonetheless, 
it offers strong research potential, especially in terms of food 
production and the opportunities it opens up for increased utilization 
of land. Production methods, costs and returns of inter-cropping 
planting can reveal some possibilities in terms of income generation 
for small farm operators. 
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Analysis of production by inter-cropping can also indicate ways 
of securing or improving the flow of agricultural products to urban 
markets. Proper understanding of this mode of production can help 
define policies directed toward affecting the mix of crops so that 
production is more closely related to domestic demand. 
The hierarchy of central places in Guatemala shows the configura­
tion of a primate city structure. This is not a surprising result 
if one considers the population size of Guatemala City (the capital) 
as compared to the rest of the major cities in the country. However, 
a major finding is the existence of three distinct types of areas 
in terms of their structure of central places. On the one hand, 
there were those areas in which a place of a given hierarchical level 
lacked surrounding places of lower level. On the other hand, there 
were areas occupied by places of undifferentiated hierarchical level. 
This is particularly the case of places of low hierarchical level. 
Finally, some areas were characterized by a complete lack of places 
of significant hierarchical level. 
The hierarchy of central places was determined using the number 
of business establishments as one of the components of the centrality 
index. Granted that the number of businesses in a given place reflects 
the level of economic activity, one can conclude that those areas 
with a weak hierarchy of central places must also show a low level 
of economic activity. Nevertheless, this conclusion is quite 
relative. 
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The type of businesses that were reported in the survey immediately 
restrict the nature of the economic activity being considered. Then, 
it is possible that areas in which the type of goods and services 
being produced and distributed in one area differ completely from 
those in which the centrality index was estimated. As a result, 
the match between a weak hierarchy and a low level of economic activity 
is not completely true. 
This consideration brings us to another point. In Chapter IV, 
most of the analysis dealt with the national system of central places. 
In doing so, the estimation of the system was performed comparing 
all places to one standard of economic activity. Thus, the specificity 
of the economic activity in the different geographical areas was 
neglected. 
Further analysis is needed of the interrelation between small 
settlements. The information collected in this sphere was very 
unreliable and prevented analysis at this level. In this respect, 
linkages among places will reveal those settlements that perform 
a central role without necessarily being urban settlements. 
The question of unexploited agricultural potential and its 
relationship with a weak hierarchical structure still remains to be 
examined. To what degree is the realization of this potential 
dependent on an adequate hierarchy of central places? It can be argued 
that as the economic possibilities are being utilized, the need for 
goods and services to support them generate the conditions for the 
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concentration of supplies in given settlements. This concentration 
process will eventually converge in a hierarchical arrangement of 
those settlements. However, the opposite is also feasible. Here, 
the availability of certain inputs and services makes possible a 
more rational use of the available resources. 
Analysis of this question will require examination of the areas 
with different levels of unexploited potential in terms of their own 
resource base. Their hierarchical system of central places will then 
have to be ascertained in order to establish its degree of association 
with unexploited potential. This analysis is not as straightforward 
as it appears prima facie. Problems regarding comparability, the 
definition of the areas that constitute a system and the handling of 
unexploited potential need to be taken care of. 
Using information on the movement of people for the purchase 
of different kinds of items, an attempt was made to determine 
functional regions. A functional region was defined as the grouping 
of settlements that because of their degree of interaction could be 
considered a unified system. This effort demonstrated the existence 
of an extremely weak level of territorial integration. 
For the most part, a good proportion of the documented interaction 
between settlements took place between small towns and the county or 
departmental heads. This is, however, the expected result when the 
economic landscape is that of minimum specialization. In the area 
under scrutiny, agricultural production is essentially the norm. 
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The use of gap analysis through regression models provides an 
investment strategy that is fairly static in nature. This approach 
takes the existing situation and establishes investment priorities 
on the basis of historical biases. In other words, it indicates 
what the pattern of investment should be if the past evaluation of 
the county's characteristics are to be equally applied to all 
counties. 
Gaps and priorities must be reestimated after a given round of 
investments take place. The same needs to be done to the regression 
equation itself. As a result, the benchmarks prescribed by the 
regression equations for the different services will be moving over 
time. The same will be occurring to the size of the gaps and the 
spatial distribution of investment priorities. These procedures 
introduce dynamism into the system. 
The reestimation of the regression equation follows from the 
need to capture possible shifts in the evaluation of the counties' 
characteristics in the allocation of investments. Significant changes 
in this area can rotate or shift the regression line, thus resulting 
in gaps and priorities more in accordance with present circumstances. 
The use of regression equations in the determination of gaps 
for establishing development investment priorities produces a very 
positive result: it lessens the dominance of political influence 
in the spatial allocation of investments. In the regression 
equations, the characteristics of the counties are allotted primary 
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consideration in estimating standards and gaps. Hence, those 
counties where politics has been the deciding factor in the location 
of investments will show no gap. In such cases, existing investment 
will exceed the level that the characteristics of the county will 
suggest. 
As mentioned in Chapter V, the functional form of the regression 
equation does not need to be linear. Exploration of this area 
constitutes a promising undertaking for future research. Determination 
of the level of decreasing effectiveness can prove extremely valuable 
in the rationalization of investments. 
Ample room for improvement also lies in the determination of the 
counties' characteristics acting as independent variables in the 
regression equations. Much insight into this topic can be gained 
by the use of factor analysis in the review of the counties' character­
istics. The factors determined will indicate the dimensions being 
implied by the array of characteristics. These general dimensions 
and the percentage of variability they explain will serve as the 
basis for the decision about the indicator variables to consider. 
The composite investment priority index indicates the spatial 
distribution of development investment priorities taking gaps and 
potentials as the basic ingredients for its definition. Those counties 
where need and potential coincide constitute prime areas of interest 
because of the coincidence of unexploited potential and unfulfilled 
demand for essential services. 
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By combining needs and potential, the composite investment 
priority index allows the evaluation of several dimensions of the 
problem of investment in a single indicator. It also makes the 
coordination of investments possible at the county level. 
The coupling of the composite investment priority index with 
the Multi-Scale Data Analysis and Mapping Program (MSDAMR) constitutes 
an extremely powerful tool for the analysis of spatial allocation of 
investments. Changes in the weighting scheme can be readily displayed 
in terms of shifts in the spatial distribution of development investment 
priorities. Presenting results in an easily understandable form makes 
a strong ally in the decision-making process. It also sensitizes 
those making decisions to the effect of shifts in their judgements. 
The mapping of priorities as part of the system does not go 
without drawbacks. The need to establish a discrete number of 
categories obscures the magnitude of the gaps being considered. 
However, this problem is not that crucial when the system is used 
as an aid in the establishment of general investment guidelines. 
The need to make explicit account of the size of demand gaps and the 
potential for food production led to the construction of the multiple 
goal programming model. 
First of all, the structure of the model in terms of constraints 
and their definition allows for a great amount of improvement. As 
indicated in its presentation, the model constitutes a first 
approximation to the solution of the problem of incorporating large 
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bodies of data into a meaningful system for public investment decision 
making. For the most part, data and time constraints played a major 
role in the number and type of restraints of the model. 
As it is, the model focuses mainly on public investment decisions 
as constrained by the availability of financial resources. However, 
one can easily argue that constraints of more institutional nature 
are in many situations of greater importance. For instance, the 
administrative capabilities of the Ministry of Health may allow the 
management of no more than six investment projects a year. Thus, 
even though financial resources may not be limiting, implementation 
capabilities do place a ceiling on what can feasibly be done. 
Recapilation of data of this nature requires an analysis of the 
past performance of institutions in the area of implementation, not 
only in terms of number of projects managed, but also on the level 
of success of those projects. It might very well be that the number 
of projects undertaken in a given year impinges on the success rating 
of some of them. This kind of information when incorporated in the 
model may allow the simulation of investment patterns with different 
failure rates. Not only the completion of the project as part of the 
investment strategy is at issue here, its probability of success is 
examined as well. 
In its present form, the goal programming model is particularly 
helpful when the government is deciding the spatial distribution of 
a year's allocation of investment funds. For each subsequent year, 
reestimation of the gaps will require redefinition of the model. 
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Five year or longer period plans can be handled by transforming 
the model into a multiperiod one. Multiperiodicity can be handled 
either by a recursive system or by considering all periods simul­
taneously. The fact that gaps and priorities need to be estimated 
after each round of investment makes the recursive approach much 
more appealing. 
Use of the simultaneous approach demands that the reestimation 
of gaps and priorities be handled within the model. This can be 
accomplished by imbedded activities which will transfer investments 
from one period to the next. This approach, although feasible, may 
unnecessarily complicate the model. 
In the model presented here, the building of infrastructure 
is mostly emphasized. This is the case for roads, health and 
education. Nevertheless, all these investment require some continuous 
expenditure over time. That is, maintenance of roads; personnel, 
equipment and utensils for education and health. The future financial 
burden imposed by these investments on the government budget can be 
allowed to play a role in the level of investment and its allocation. 
Consideration of infrastructural investment and its maintenance 
points to an additional possibility, that of incorporating personnel 
training and availability as a prerequisite for investment in areas 
such as health and education. The installed training capacity in 
these disciplines will also play a major role. 
The realization of the potential increase in food production was 
considered in its own right. Further examination is needed for the 
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implications of the augmented food availability on domestic demand, 
prices and marketing constraints. As a possible extension of the 
model, demand and prices can be made endogenous. 
Another possibility is to build price and consumption levels 
into the structure of the model, so that they can be considered as 
targets in the total investment scheme. A model so defined will 
allow the simulation of consumption and price levels as related to 
the realization of potential increases in agricultural output. In 
this framework, the attainment of a desired consumption level may 
require the setting of a subsidized price. The amount of the subsidy 
can be made available from government funds so that it competes for 
resources with the other types of investments. The investment pattern 
vis-a-vis a price subsidy would be ascertained. 
The central place hierarchy and the solution to the goal 
programming model were linked together using the department of 
Chiquimula as an illustrative example. The location of two primary 
school classrooms and one health center was determined for the county 
of San Juan Ermita. Note, however, that these two types of investments 
have an intracounty area of influence. As such, the central place 
hierarchy within the county's boundary becomes the network system 
of primary consideration. Investments that have an inter-county 
area of influence, such as a hospital, will require focusing on the 
national system of central places. In this case, the national 
system will play a significant role in the decision of the settlement 
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to be targeted for investment as a way to raise or reinforce its 
hierarchical position. 
Attempts to let the goal programming model indicate the geographical 
location of schools and health posts turned futile because of data 
availability. For a given investment, two or three possible locations 
were to be specified in the model through a spatial integration sub-
matrix. For a given set of weights, the model would have indicated 
the specific location of the investment among the alternative 
locations. This area constitutes a promising possibility as more 
disaggregated data becomes available. 
The level of aggregation of the goal programming model makes 
it a powerful tool for interaction between technicians and policy 
makers. In this respect, the weighting scheme allows the simulation 
of the investment pattern. Also, with the use of parametric programming, 
the level of the constraints can be progressively changed to reflect 
the needed distribution of the government budget that is required 
to attain a given investment pattern under a specific set of weights. 
Also, predetermined levels of investments, such as a health post at 
a given location, can be easily incorporated by the appropriate 
setting of boundaries. Given this additional constraint, the 
maximization of the model will indicate a pattern of investments in 
which the specified location is explicitly included. 
The county was used as the unit of analysis in this study to 
allow sufficient flexibility for the model and its results to be used 
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in regional plans. For the most part, regionalization schemes 
utilize political boundaries as the reference points for delimitation. 
In many cases, the county is the smallest political unit that offers 
the prospect of economic planning. As such, using the county as the 
unit of analysis leaves the door open for aggregating results and 
investment strategies at the regional level. 
Finally, it is hoped that efforts of this sort will enhance the 
capability of more knowledgeable decision making. Improved decision 
making will undoubtedly prove beneficial to those affected by such 
decisions. And in addition, policy makers' awareness of the rationale 
behind their choices will be upgraded. 
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APPENDIX A 
Table A-1. Characteristicas de las zonas bioclimaticas 
No. Zona Bioclimatica Caracteristicas 
01 Zona calida muy seca con vege­
tacion de monte espinoso, sub­
tropical 
ZCMS (veg. «EST). 
02 Zona calida seca con vegetacion 
de bosque seco sub-tropical 
ZCS (veg. BSST). 
03 Zona tempiada humeda con vege­
tacion de bosque humedo, sub­
tropical tempi ado. 
ZTH (veg. BHSTT). 
04 Zona calida muy humeda con 
vegetacion de bosque muy humedo 
sub-tropical calido. 
ZCMH (veg. BMHSTC). 
05 Zona tempiada muy humeda con 
vegetacion de faosque muy humedo 
templado sub-tropical. 
ZTMH (veg. BMHTST). 
Temperature Promedio Anual: 
mayor o cerca de 24 C. 
Precipitacion anual en 
milimetros: mener de 500. 
Relacion lluvia cae/ 
evapotranspi racion 
Potencial: 1 
1 - 2 a 4. 
Temperatura Promedio Anual: 
mayor de 24 grados C. 
Precipitacion anual en 
milimetros: 500 - 1,000. 
Relacion lluvia cae/evapo-
transpi raci on potenci al: 
1 - 1 a 2. 
Temperatura Promedio Anual: 
18 a 24 grados C. 
Precipitacion anual en 
milimetros: 1,000 - 2,000. 
Relacion lluvia cae/evapo-
transpiracion potencial: 
1 - 0.5 a 1. 
Temperatura Promedio Anual: 
mayor de 24 grados C. 
Precipitacion anual en 
milimetros: 2,000 - 4,000. 
Relacion lluvia cae/evapo-
transpi raci on potenci al: 
1 - 0.25 a 0.50. 
Temperatura Promedio Anual; 
18 a 24 grados C. 
Precipitacion anual en 
milimetros: 2,000 - 4,000. 
Relacion lluvia cae/evapo-
transpiracion potencial: 
1 - 0.25 a 0.50. 
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Table A-1 (continued) 
No. Zona Bioclimatica Caracteristicas 
06 Zona tempiada fria humeda 
con vegetacion de bosque humedo 
montano bajo sub-tropical. 
ZTFH (veg. BHMBST). 
07 Zona tempiada fria muy humeda 
con vegetacion de bosque muy 
humedo montano bajo sub-tropical 
ZTFMH (veg. BMHMBST). 
08 Zona tempiada fria pluvial con 
vegetacion de bosque pluvial 
montano bajo, sub-tropical. 
ZTFP (veg. BPST). 
Temperatura Promedio Anual: 
12 - 18 grados C. 
Precipitacion anual en 
milimetros: 1,000 - 2,000. 
Relacion lluvia cae/evapo-
transpi racion potenci al : 
1 - 0.5 a 1. 
Temperatura Promedio Anual: 
12 - 18 grados C. 
Precipitacion anual en 
milimetros: 2,000 - 4,000. 
Relacion lluvia cae/evapo-
transpi raci on potenci al : 
1 - 0.25 a 0.50. 
Temperatura Promedia Anual: 
12 - 18 grados C. 
Precipitacion anual en 
milimetros: mas de 4,000. 
Relacion lluvia cae/evapo-
transpiracion potencial : 
1 - 0.125 a 0.25. 
09 
010 
Zona fria humeda con vegetacion 
de bosque humedo montano sub­
tropical . 
ZFH (veg. BHMST), 
Zona fria muy humeda con vege­
tacion de bosque muy humedo 
montano. 
ZFMH (veg. BMHM). 
Temperatura Promedio Anual: 
menor o cerca de 12 grados 
C. 
Precipitacion anual en 
milimetros: 500 - 1,000. 
Relacion lluvia cae/evapo-
transpiracion potencial: 
1 - 1 a 2. 
Temperatura Promedio Anual: 
menor o cerca de 12 grados 
centi grados. 
Precipitacion anual en 
milimetros: 1,000 - 2,000. 
Relacion lluvia cae/evapo-
transpiracion potencial: 
1 - 0.5 a 1. 
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Table A-2. Caracten'sticas de las fases de manejo del suelo 
Fase Caracten'sticas 
1 - Pediente: 0-4% 
- Relieve: piano a ondulado. 
- Profundidad: sue!os profundos a muy profundos. 
- Textura: médias a poco finas o levemente gruesas. 
- Permeabilidad: permeables. 
- Erosion: imperceptible a moderada. 
- Drenaje: natural sin peligro de inundacion a ocacional 
0 infrecuente. 
Drenaje por escorrentia se encuentra en balance. 
- Nivel Freatico: profundo a muy profundo. 
2 - Pediente: 5-12% 
- Relieve: inclinado fuerte u ondulado fuerte 
- Profundidad: suelos poco profundos. 
- Textura: arena franca o arcilla permeable. 
- Permeabilidad: de lentamente permeable a libremente 
permeable. 
- Erosion: de moderada a severa, alta suceptibilidad a la 
erosion por agua y viento se présenta en forma 
laminar y en surcos. 
- Drenaje Natural: la escorrentia del drenaje externo esta 
compuesta por corrientes perennes y 
efimeras. El peligro de inundacion es 
ocasional o poco frecuente. Présenta 
problemas de drenaje en suelos pesados. 
- Nivel Freatico: de moderadamente profundo a muy profundo. 
3 - Pediente: mayor de 12% 
- Relieve: de ondulado fuerte a escarpado. 
- Profundi dad: de muy poco profundos a profundos. 
- Textura: finas, médias y gruesas. 
- Permeabilidad: de impermeables a libremente permeables. 
- Erosion: de severa a muy severa. 
- Drainaje Natural: dreanje superficial e interne déficiente, 
su patron es generalmente dendritico muy 
désarroi1 ado, areas sujetas a inundacion 
avenidas y torrentes. 
- Nivel Freatico: de muy superficial a completamente ausente. 
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Table A-3. Descripcion de los ecosistemas 
Ecosistema 
1 Zona calidad muy seca con vegetacion de Monte Espinoso 
sub-tropical. ZCMS (veg. MEST). (Pertenence a la region 
geografica calida o caliente.) Combinada con fase de 
manejo del suelo tipo 1. 
2 Zona calida muy seca con vegetacion de Monte Espinoso 
sub-tropical. ZCMS (veg. MEST). (Pertenence a la region 
geografica calida o caliente.) Combinada con fase de 
manejo del suelo tipo 2. 
3 Zona calida muy seca con vegetacion de Monte Espinoso 
subtropical. ZCMS (veg. MEST). (Pertenence a la region 
geografica calida o caliente). Combinada con fase de 
manejo del suelo tipo 3. 
4 Zona calida seca con vegetacion de Bosque seco sub-tropical. 
ZCS (veg. BSST). (Pertenence a la region geografica calida 
0 caliente.) Combinada con fase de manejo del suelo tipo 1. 
7 Zona tempiada humeda con vegetacion de Bosque humedo sub­
tropical tempi ado. ZTH (veg. BHSTT). (Pertenence a la 
region geografica tempiada.) Combinada con fase de 
manejo del suelo tipo 1. 
8 Zona tempiada humeda con vegetacion de Bsoque humedo sub­
tropical templado. ZTH (veg. BHSTT). (Pertenence a la 
region geografica templada.) Combinada con fase de manejo 
del suelo tipo 2. 
9 Zona templada humeda con vegetacion de Bosque humedo sub­
tropical templado. ZTH (veg. BHSTT). (Pertenence a la 
region geografica templada.) Combinada con fase de manejo 
del suelo tipo 3. 
10 Zona calida muy humeda con vegetacion de Bosque muy 
humedo sub-tropical calido. ZCMH (veg. BMHSTC). 
(Pertenence a la region geografica calida o caliente.) 
Combinada con fase de manejo del suelo. 
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Table A-3 (Continued) 
Ecosisterna 
11 Zona calida muy humeda con vegetacion de Bosque muy humedo. 
Sub-tropical calido. ZCMH (veg. BMHSTC). (Pertenence 
a la region geografica calida o caliente.) Combinada 
con fase de manejo del suelo tipo 2. 
12 Zona calida muy humeda con vegetacion de Bosque muy 
humedo sub-tropical calido. ZCMH (veg. BMHSTC). 
(Pertenence a la region geografica calida o caliente.) 
Combinada con fase de manejo del suelo tipo 3. 
13 Zona tempiada muy humeda con vegetacion de Bsoque muy 
humedo templado sub-tropical. ZTMH (veg. BMHTST). 
(Pertenence a la region geografica templada.) Combinada 
con fase de manejo del suelo tipo 1. 
14 Zona templada muy humeda con vegetacion de Bosque muy 
humedo templado sub-tropical. ZTMH (veg. BMHTST). 
(Pertenence a la region geografica templada.) Combinada 
con fase de manejo del suelo tipo 2. 
15 Zona templada muy humeda con vegetacion de bosque muy 
humedo templado sub-tropical. ZTMH (veg. BMHTST). 
(Pertenence a la region geografica templada.) Combinada 
con fase de manejo del suelo tipo 3. 
15 Zona templada fria humeda con vegetacion de Bosque humedo 
montano bajo sub-tropical. ZTFH (veg. BHMBST). (Pertenence 
a la region geografica templada fria.) Combinada con 
fase de manejo del suelo tipo 1. 
17 Zona templada fria humeda con vegetacion de Bosque humedo 
montano bajo, sub-tropical. ZTFH (veg. BHMBST). 
(Pertenence a la region geografica templada fria.) 
Combinada con fase de manejo del suelo tipo 2. 
18 Zona templada fria humeda con vegetacion de Bosque humedo 
montano bajo, sub-tropical. ZTFH (veg. BHMBST). 
(Pertenence a la region geografica templada fria.) 
Combinada con fase de manejo del suelo tipo 3. 
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Table A-3 (Continued) 
Ecosisterna 
19 Zona tempiada fria muy humeda con vegetacion de Bosque muy 
humedo montano bajo, sub-tropical. ZTFMH (veg. BMHMBST). 
(Pertenence a la region geografica templada fria.) 
Combinada con fase de manejo del suelo tipo 1. 
20 Zona templada fria muy humeda con vegetacion de bosque muy 
humedo montano bajo, sub-tropical. ZTFMH (veg. BMHMBST). 
(Pertenence a la region geografica templada fria.) 
Combinada con fase de manejo del suelo tipo 2. 
21 Zona templada fria muy humedo con vegetacion de bosque 
muy humedo montano bajo sub-tropical. ZTFMH (veg. BMHMBST), 
(Pertenence a la region geografica templada fria.) 
Combinada con fase de manejo del suelo tipo 3. 
23 Zona templada fria pluvial con vegetacion de Bosque 
pluvial, sub-tropical. ZTFP (veg. BPST). (Pertenence 
a la region geografica templada fria.) Combinada con 
fase de manejo del suelo tipo 2. 
24 Zona templada fria pluvial con vegetacion de Bosque 
pluvial, sub-tropical. ZTFP (veg.- BPST). (Pertenence 
a la region geografica templada fria.) Combinada con 
fase de manejo del suelo tipo 3. 
26 Zona fria humeda con vegetacion de Bosque humedo montano, 
sub-tropical. ZFH (veg. BHMSi). (Pertenence a la region 
geografica fria.) Combinada con fase de manejo del suelo 
tipo 2. 
27 Zona fria humeda con vegetacion de Bosque humedo montano, 
sub-tropical. ZFH (veg. BHMST). (Pertenence a la region 
geografica fria.) Combinada con fase de manejo del suelo 
tipo 3. 
28 Zona fria muy humedo con vegetacion de Bosque muy humedo 
montano. ZFMH (veg. BMHM). (Pertenence a la region 
geografica fria.) Combinada con fase de manejo del suelo 
tipo 1. 
201 
Table A-3 (Continued) 
Ecosisterna 
29 Zona fria muy humeda con vegetacion de Bosque muy humedo 
montano. ZFMH (veg. BMHM). (Pertenence a la region 
geografica fria.) Combinada con fase de manejo del suelo 
tipo 2. 
30 Zona fria muy humeda con vegetacion de bosque muy humedo 
montano. ZFMH (veg. BMHM). (Pertenence a la region 
geografica fria.) Combinada con fase de manejo del suelo 
tipo 3. 
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APPENDIX B 
JilJOTJioTA aO 
iilOS I'^ONOLOGIA AG3IC0LA Ï P^OARIA DAL »tJBi.PHOGHAliA DE ÇoTO-IFIE ÀfiJiAS HUHALiS, DESARFIOIIO VEGJITJILJ DISSKABE. 
No. »NOBSL^ 
3: . 1 :r 
A. IBiiatTIjTCACIOjJ ; 
A.I Cultive "îtf" control 
A.2 RendimiX^to obtenido ei. 
los très :ûltiinos» anos t--
E^<ae> 
1977 - 19?8 . . f 
1978 - -1979 
1979 - liso 
Promedia : ' 
A. 3 Tenenclg; de la tierra ^ " 
è 
e 
& • 
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i-
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AxDendatario 
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_ 
Ocupanta.., 
Comunero 
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Otr&- r 
pA<?l3(2i<Z>^ 
CP 
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A.5 Tamano de la cuerda 
V A.6 Departanento 
' A. 7 Ilùnicipïo^ 
A.8 Aldea 
A.9 3aserio 
FA0fc<J>(^ I I I 
^ pAVgagO" 
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A.10 Zona Zcolôglca : 
A.11 Grupo Agroiôgico y Sector 
A.12 Area de Sondeo 
a. DEtaOGfiiiglA ; 
I I I 
çMAa)0 rm 
AvC-'t'ï'''"" 
pA/^-Z-OXZ) I I I I 
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I I I 
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sivamente en la explota— 
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x-
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}^03^0 I I I 
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2. 
3. 
4. 
C.2 Productos de menor impor-
tancia : 
Producto Ifùaero de ârboles Frvducciôn Cantidad Vendida 
1. 
204 
3. 
4. 
D. Pj^CTIC;^ DZ OCNoiiRY.XION : 
D«1 Ffscticas nccânicas que 
reallzan : 
PDûM®0 
Curvas a nivel Acequios vgj Terrazas A Curvas de des^a-
ci6n ^ Heprcsas para control'G (carcavas). 
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Agrônomlcas : Pi)g»Z<%r 
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p. 3 Sistssa d3 sioabra : 
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y.5 Tipo de somillo ; 
Criolla Kejorada .2"; 
P.6 Slstancla de slembra : 
F.6.1 Entre Surcos 
F.6.2 Entre Plantas 
F.7 Profundidcd de sismora ? 
F.8 Granos por pasture : 
F.9 Cantidad de semilla usada 
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G. CUIUAJOS CULTUa^lfS : 
G.1 51egos por ciclo : 
No. de Riegos. 
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G.2 l Pertilizan ? SI (4 nQ.2 
G.2.1 Tipo. de Pertilizante 
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ci6n : 
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G.3 Sistoaa y Epoca de Linpics 
I«3nu3l 1 Keconizads -g., 
«{uimieos 3 
Tracciôn Aniaol „4 
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_^6<SS&Z. 
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H. PRuuUCCIOH : 
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0569 
1.1 Propôsito del Giaado ; 
Carno Lecho %. 
DoW.e prop'/sito 3 
cri?nza 4-
1.2 No. totnl do cabescs 
1.3 Litros de leche proaodio 
por dla por aniuol : 
1.4 Peso pronedio de Bovinos 
a la edad de un ano (Lbs) 
1.5 Peso pronedio de Porci— 
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(libras). 
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1.7 Peso pronodio al dostote 
(libras). 
1.8 Edad procciio al dcstete 
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1.9 Edad a la prinera nonta 
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Njturnles. 
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Mejorados. 
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"ttSa rotaciôn de potrc--
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APPENDIX C 
CUADRADO 
• • • 
t • • 
TRESBOLILLO 
• • t 
# # 
QUINCUNCIO 
# # # 
# # 
• • • 
Figure C-1. Graphical depiction of planting methods 
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APPENDIX D 
Table D-1. Guatemala: codes and names of counties included in the 
integrated area development study 
County Code County Name 
123 Sta Catarina Pinul a 
125 Sn Jose Del Golfo 
126 Palencia 
127 Chinautla 
128 Sn Pedro Ayampuc 
129 Mixco 
130 Sn Pedro Sacatepequez 
131 Sn Juan Sacatepequez 
132 Sn Raymundo 
133 Chuarrancho 
201 El Progreso 
202 Morazan 
203 Sn Agustin Acasaguastlan 
204 Sn Cristobal Acasaguastlan 
205 El Jicaro 
20,6 Sansare 
207 Sanarate 
208 Sn Antonia La Paz 
401 Chimaltenango 
402 Sn Jose Poaquil 
403 Sn Martin Jilotepeque 
404 Comalapa 
405 Sta Apolonia 
406 Tecpan 
703 Sn Jose Chacaya-Sta Ma Visitacion 
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Table D-1 (Continued) 
County Code County Name 
704 Sta Lucia Utatlan 
705 Nahuala 
706 Sta Catarina Ixtahuacan 
703 Solola-Concepcion 
710 Sn Andres Semetabaj-Panajachel 
712 Sta Cata Palopo-Sn Anton Palopo 
713 Sn Lucas Toliman 
716 (Sta Cruz-Sn Pablo-Sn Marcos) La Laguna 
717 (Sta Clara-Sn Juan) La Laguna 
719 Sn Pedro La Lag-Sntgo Atitlan 
801 Totonicapan 
802 Sn Fco El Alto 
804 Sn Cristobal Toto-Sn Andres Xecul 
805 Momostenango 
806 Sta Ma Chiquimula 
807 Sta Lucia La Reforma 
808 Sn Bartolo 
902 Quezaltenango-Salcaja 
904 Sn Carlos Sija 
905 Sibilia 
911 Sn Mateo-Concepcion Chiquirichapa 
912 Sn Martin Sacatepequez 
914 
Q I S  
Almolqnga-Cantel 
916 
uoui iuciii**MU 1 uati 
Zunil 
918 Olintepeque-Sn Foe La Union 
923 Cajola-Sn Miguel Si gui la-La Esperanza 
924 Ostuncalco-Palestina De Los Altos 
212 
Table D-1 (Continued) 
County Code County Name 
1201 Sn Marcos 
1202 Sn Pedro Zacatepequez 
1203 Sn Antonio Zacatepequez 
1205 Sn Miguel Ixtahuacan 
1206 Concepcion Tutuapa 
1207 Tacana 
1208 Sibinal 
1209 Tajumulco 
1210 Tejutla 
1211 Sn Raf Pie De La Cuesta 
1215 Malacatan 
1216 Catarina 
1223 Ixchiguan 
1224 Sn Jose Ojotenam 
1226 Si pacapa 
1227 Esqulpulas Palo Gordo 
1228 Comitancillo-Rio Blanco 
1229 Sn Lorenzo 
1301 Huehuetenango 
1302 Chiantia 
1303 Malacatancillo 
1304 Cuilco 
1305 Nenton 
1306 Sn Pedro Necta 
1307 Jacaltenango 
1308 Soloma 
1309 Ixtahuacan 
1310 Sta Barbara 
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Table D-1 (Continued) 
County Code County Name 
1311 La Libertad 
1312 La Democracia 
1313 Sn Miguel Acatan 
1314 Sn Raf La Independencia 
1315 Todos Santos Cuchumatan 
1317 Sta Eulalia 
1318 Sn Mateo Ixtatan 
1319 Colotenango 
1320 Sn Sebastian Huehuetenango 
1321 Tectitan 
1322 Concepcion 
1323 Sn Juan Ixcoy 
1324 Sn Antonio Huista 
1325 Sn Sebastian Coatan 
1326 Barillas 
1327 Aguacatan 
1329 San Raf Petzal-Sn Gaspar Ixchil 
1330 Sn Juan Atitan-Sntgo Chimaltenango 
1331 Sta Ana Huista 
1401 Sta Cruz Del Quiche 
1402 Chiche 
1403 Chinique 
1404 Zacualpa 
1405 Chajiîl 
1407 Chi chi castenango-Patzi te 
1408 Sn Antonio Ilotenango 
1409 Sn Pedro Jocopilas 
1410 Cunen 
1412 Joyabaj 
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Table D-1 (Continued) 
County Code County Name 
1413 Nebaj 
1414 Sn Andres Sajcabaja 
1415 Sn Juan Cotzal-Uspatan 
1416 Sacapulas 
1417 Sn Bartolome Jocotenango 
1418 Cam" 11a 
1502 Sn Miguel Chicaj 
1503 Rabinal 
1504 Cubulco 
1505 Granados 
1506 El Choi 
1507 Sn Jeronimo 
1508 Salama-Purulha 
1601 Coban 
1602 Sta Cruz Verapaz 
1603 Sn Cristobal Verapaz 
1604 Tactic 
1606 Tamahu-Tucuru 
1607 Panzos 
1608 Senahu 
1609 Sn Pedro Carcha 
1610 Sn Juan Charnelco 
1611 Lanquin 
1613 Chisec 
1614 Cahabon-Chahal 
1615 Fray Bartolome De Las Casas 
1801 Puerto Barrios 
1802 Livingston 
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Table D-1 (Continued) 
County Code County Name 
1803 El Estor 
1804 Moral es 
1805 Los Amates 
1901 Zacapa 
1902 Estanzuela 
1903 Rio Hondo 
1904 Gualan 
1905 Teculutan 
1907 Usumatlan-Cabanas 
1908 Sn Diego 
1909 La Union 
1910 Huite 
2001 Chiquimula 
2002 Sn José La Arada 
2003 Sn Juan Hermita 
2004 Jocotan 
2005 Camotan 
2006 Olopa 
2007 Esquipulas 
2008 Concepcton Las Minas 
2009 Quezaltenango 
2010 Sn Jacinto 
2011 Ipala 
2101 Jalapa 
2102 Sn Pedro Pinul a 
2103 Sn Luis Jilotepeque 
2104 Sn Manuel Chaparron 
2105 Sn Carlos Alzatate 
Table D-1 (Continued) 
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County Code County Name 
2106 Monjas 
2107 Mataquescuintla 
2201 Jutlapa 
2202 El Progreso 
2203 Sta Catarina Mita 
2204 Agua Blanca 
2205 Asuncion Mita 
2207 Atescatempa 
2208 Jerez 
2209 Yupiltepeque-El Adelanto 
2210 Zapotitlan 
2211 Comapa 
2212 Jalpatagua 
2213 Conguaco 
2216 Sn Jose Acatempa 
2217 Quesada 
2ÛÛ6L 
Figure D-1. County codes and geographical location 
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Table D-2. Guatemala: 
county 
potential increase in corn production by 
County County 
Code Name 
Potential Increase 
in Corn Production 
(Metric Tons) 
123 Sta Catarina Pi nul a 37.0 
125 Sn Jose Del Golfo -
126 Palencia 4.3 
127 Chinautla -
128 Sn Pedro /\yampuc -
129 Mixco -
130 Sn Pedro Sacatepequez 23.0 
131 Sn Juan Sacatepequez 86.2 
132 Sn Raymundo 44.1 
133 Chuarrancho 6.4 
201 El Progreso 1,936.3 
202 Morazan 1,486.1 
203 Sn Agustin Acasaguastlan 1,554.9 
204 Sn Cristobal Acasaguastlan 282.6 
205 El Jicaro 123.9 
206 Sansare 687.7 
207 Sanarate 7,179.4 
208 Sn Antonio La Paz 480.4 
401 Chimaltenango 197.6 
402 Sn Jose Poaquil 313.4 
403 Sn Martin Jilotepeque 359.3 
404 Comalapa 11.3 
405 Sta Apolonia 265.0 
406 Tecpan 1,237.6 
703 Sn Jose Chacaya-Sta Ma Visitacion 105.1 
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Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
704 Sta Lucia Utatlan 732.3 
705 Nahuala 652.1 
706 Sta Catarina Ixtahuacan 1,122.8 
708 Solola-Concepcion 3,417.4 
710 Sn Andres Semetabaj-Panajachel 132.8 
712 Sta Cata Palopo-Sn Anton Palopo 275.9 
713 Sn Lucas Toiiman 481.3 
716 (Sta Cruz-Sn Pablo-Sn Marcos) La Laguna 583.4 
717 (Sta Clara-Sn Juan) La Laguna 1,256.2 
719 Sn Pedro La Lag-Sntgo Atitlan 1,374.4 
801 Totonicapan 913.1. 
803 Sn Fco El Alto 163.2 
804 Sn Cristobal Toto-Sn Andres Xecul 318.7 
805 Momostenango 2,119.1 
806 Sta Ma Chiquimula -
807 Sta Lucia La Reforma -
808 Sn Bartolo 146.7 
902 Quezaltenango-Salcaja 540.7 
904 Sn Carlos Sija 473.6 
905 Sibilia 
-
911 Sn Mateo-Concepcion Chiquirlchapa 
-
912 Sn Martin Sacatepequez 
-
914 Almolonga-Cantel 
-
915 Cabrican-Huitan 317.4 
916 Zunil 400.7 
918 Olintepeque-Sn Fco La Union 180.2 
220 
Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
923 Cajola-Sn Miguel Siguila-La Esperanza 
924 Ostuncalco-Palestina De Los Altos 197.6 
1201 Sn Marcos 
1202 Sn Pedro Zacatepequez 304.5 
1203 Sn Antonio Zacatepequez 37.2 
1205 Sn Miguel Ixtahuacan 2,405.0 
1206 Concepcion Tutuapa 3,880.8 
1207 Tacana 4,349.8 
1208 Sibinal 797.5 
1209 Tajumulco 3,079.6 
1210 Tejutla 6,537.0 
1211 Sn Raf Pie De La Cuesta 67.6 
1215 Malacatan 
1216 Catarina 2,255.5 
1223 Ixchiguan 492.0 
1224 Sn Jose Ojotenam 268.7 
1226 Sipacapa 438.7 
1227 Esquipulas Palo Gordo 29;6 
1228 Comitancillo-Rio Blanco 949.4 
1229 Sn Lorenzo 
1301 Huehuetenango 326.5 
1302 Chianti a 1,681.8 
1303 Halacatanci11o 1,049.3 
1304 Cuilco 2,311.0 
1305 Nenton 6,024.1 
1306 Sn Pedro Necta 2,092.4 
1307 Jacaltenango 
1308 Soloma 3,652.1 
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Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
1309 Ixtahuacan 3,421.7 
1310 S ta Barbara 1,192.8 
1311 La Libertad 5,273.6 
1312 La Democracia 1,775.0 
1313 Sn Miguel Acatan 2,031.7 
1314 Sn Raf La Independencia 733.6 
1315 Todos Santos Cuchumatan 1,915.9 
1317 Sta Eulalia 4,207.8 
1318 Sn Mateo Ixtatan 5,439.7 
1319 Colotenango 572.5 
1320 Sn Sebastian Huehuetenango 984.1 
1321 Tecti tan 1,598.8 
1322 Concepci on 2,715.3 
1323 Sn Juan Ixcoy 1,299.5 
1324 Sn Antonio Huista 768.7 
1325 Sn Sebastian Coatan 1,134.6 
1326 Barillas 15,916.4 
1327 Aguacatan 1,127.4 
1329 San Raf Petzal-Sn Gaspar Ixchil 783.1 
1330 Sn Juan Atitan-Sntgo Chimaltenango 720.2 
1331 Sta Ana Huista 14,955.7 
1401 Sta Cruz Del Quiche 1,373.6 
1402 . Chiche 918.3 
1403 Chinique 478.3 
1404 Zacualpa 1,806.2 
1405 Chajul 9,033.0 
1407 Chichicastenango-Patzite 3,400.9 
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Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
1408 Sn Antonio Ilotenango 253.5 
1409 Sn Pedro Jocopilas 749.6 
1410 Cunen 880.1 
1412 Joyabaj 4,549.9 
1413 Nebaj 10,071.2 
1414 Sn Andres Sajcabaja 482.6 
1415 Sn Juan Cotzal-Uspatan 11,603.4 
1415 Sacapulas 337.2 
1417 Sn Bartolome Jocotenango 86.7 
1418 Canilla 921.8 
1502 Sn Miguel Chicaj 2,512.0 
1503 Rabinal 2,531.1 
1504 Cubulco 6,737.7 
1505 Granados 987.0 
1506 El Choi 497.6 
1507 Sn Jeronimo 1,433.6 
1508 Salama-Purulha 5,950.4 
1601 Coban 6,627.6 
1602 Sta Cruz Verapaz 817.0 
1603 Sn Cristobal Verapaz 978.8 
1604 Tactic 1,188.7 
1606 Tamahu-Tucuru 3,397.6 
1607 Panzos 11,161.0 
1608 Senahu 9,854.4 
1609. Sn Pedro Carcha 7,051.1 
1610 Sn Juan Charnelco 4,639.1 
1611 Lanquin -
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Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
1613 Chisec -
1614 Cahabon-Chahal 25,220.1 
1615 Fray Bartolome De Las Casas -
1801 Puerto Barrios 2,452.1 
1802 Livingston 9,691.7 
1803 El Estor 6,287.2 
1804 Morales 10,731.9 
1805 Los Amates 6,062.5 
1901 Zacapa 2,764.1 
1902 Estanzuela 612.1 
1903 Rio Hondo 844.0 
1904 Gualan 4,945.9 
1905 Teculutan 13.6 
1907 Usumatlan-Cabanas 863.6 
1908 Sn Diego 1,197.5 
1909 La Union 1,225.2 
1910 Huite 894.2 
2001 Chiquimula 2,513.8 
2002 Sn Jose La Arada -
2003 Sn Juan Hermita 134.4 
2004 Jocotan 1,870.0 
2005 Camotan 1,812.0 
2006 Olopa 825.0 
2007 Esquipulas 669.1 
2008 Concepcion Las Minas 656.5 
2009 Quezaltenango 1,365.6 
2010 Sn Jacinto 447.4 
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Table D-2 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name [Metric Tons) 
2011 Ipala 4,212.4 
2101 Jalapa 8.561.5 
2102 Sn Pedro Pinul a 3,103.4 
2103 Sn Luis Jilotepeque 691.1 
2104 Sn Manuel Chaparron 151.7 
2105 Sn Carlos Alzatate 2,502.5 
2106 Monjas -
2107 Mataquescuintla 1,147.9 
2201 Jutaipa 2,367.9 
2203 El Progreso 
-
2203 Sta Catarina Mita 222.0 
2204 Agua Blanca 288.4 
2205 Asuncion Mita 891.6 
2207 Atescatempa 568.4 
2208 Jerez 
-
2209 Yupiltepeque-El Adelanto 423.8 
2210 Zapotitlan 88.7 
2211 Comapa 84.9 
2212 Jalpatagua 575.2 
2213 Conguaco 197.5 
2216 Sn Jose Acatempa 500.4 
2217 Quesada 661,5 
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Table D-3. Guatemala: potential increase in bean production by 
county 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
123 Sta Catarina Pi nul a 4.15 
125 Sn Jose Del Golfo -
126 Palencia 6.65 
127 Chinautla -
128 Sn Pedro Ayampuc -
129 Mixco -
130 Sn Pedro Sacatepequez 5.32 
131 Sn Juan Sacatepequez 5.04 
132 Sn Raymundo -
133 Chuarrancho -
201 El Progreso 468.51 
202 Morazan 31.85 
203 Sn Agustin Acasaguastlan 24.41 
204 Sn Cristobol Acasaguastlan 1.59 
205 El Jicaro 2.85 
206 Sansare -
207 Sanarate 274.43 
208 Sn Antonio La Paz -
401 Chimaltenango 16.77 
402 Sn Jose Poaquil 94.70 
403 Sn Martin Jilotepeque 38.99 
404 Comalapa 17.38 
405 Sta Apolonia 1.45 
406 Tecpan 94.78 
703 Sn Jose Chacaya-Sta Ma Visitacion 2.13 
704 Sta Lucia Utalan 2.55 
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Table D-3 (Continued) 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
705 Nahuala 2.49 
706 Sta Catarina Ixtahuacan 14.64 
708 Solola-Concepcion 2.59 
710 Sn Andres Semetabaj-Panajachel 60.73 
712 Sta Cata Palopo-Sn Anton Palopo 52.24 
713 Sn Lucas Toliman 3.17 
716 (Sta Cruz-Sn Pablo-Sn Marcos) La Laguna 5.11 
717 (Sta Clara-Sn Juan) La Laguna -
719 Sn Pedro La Lag-Sntgo Atitlan 22.68 
801 Totonicapan 2.03 
803 Sn Fco El Alto -
804 Sn Cristobal Toto-Sn Andres Xecul -
805 Momostenango -
806 Sta Ma Chiquimula 3.68 
807 Sta Lucia La Reforma 38.36 
808 Sn Bartolo -
902 Quezaltenango-Salcaja -
904 Sn Carlos Sija -
905 Sibilia -
911 Sn Mateo-Concepcion Chiquirichapa -
912 Sn Martin Sacatepequez 11.51 
914 Almolonga-Cantel -
915 Cabrican-Huitan -
916 Zunil 1.36 
918 Olintepeque-Sn Fco La Union -
923 Cajola-Sn Miguel Siguila-La Esperanza 1.70 
924 Ostuncalco-Palestina De Los Altos 1.67 
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Table D-3 (Continued) 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
1201 Sn Marcos -
1202 Sn Pedro Zacatepequez 3.01 
1203 Sn Antonio Zacatepequez 4.62 
1205 Sn Miguel Ixtahuacan 50.63 
1206 Concepcion Tutuapa -
1207 Tacana 15.57 
1208 Sibinal 31.22 
1209 Tajumulco 25.68 
1210 Tejutla 1.48 
1211 Sn Raf Pie De La Cuesta 85.62 
1215 Malacatan 4.47 
1216 Catarina 3.69 
1223 Ixchiguan 15.01 
1224 Sn Jose Ojotenam 1.21 
1226 Sipacapa 4.71 
1227 Esquipulas Palo Gordo -
1228 Comitancillo-Rio Blanco 6.86 
1229 Sn Lorenzo -
1301 Huehuetenango 146.40 
1302 Chiantia 14.20 
1303 Malacatancillo 100.58 
1304 Cuilco 45.40 
1305 Nenton 68.29 
1306 Sn Pedro Necta 17.59 
1307 Jacaltenango 35.78 
1308 Soloma 39.11 
1309 Ixtahuacan 19.83 
1310 Sta Barbara 51.01 
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Table D-3 (Continued) 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
1311 La Libertad 79.08 
1312 La Democracia 24.94 
1313 Sn Miguel Acatan 31.38 
1314 Sn Raf La Independencia 53.64 
1315 Todos Santos Cuchumatan 23.27 
1317 Sta Eulalia 20.63 
1318 Sn Mateo Ixtatan 819.19 
1319 Colotenango 4.26 
1320 Sn Sebastian Huehuetenango 18.87 
1321 Tectitan 822.41 
1322 Concepcion 43.58 
1323 Sn Juan Ixcoy 31.57 
1324 Sn Antonio Huista 9.72 
1325 Sn Sebastian Coatan 70.47 
1326 Barillas 167.36 
1327 Aguacatan 47.48 
1329 San Raf Petzal-Sn Caspar Ixchil 56.32 
1330 Sn Juan Atitan-Sntgo Chimaltenango 11.65 
1331 Sta Ana Huista 119.90 
1401 Sta Cruz Del Quiche 185.00 
1402 Chiche -
1403 Chinique -
1404 Zacualpa 7.44 
1405 Chajul 483.72 
1407 Chi chi castenango-Patzi te 9.48 
1408 Sn Antonio Ilotenango 3.60 
1409 Sn Pedro Jocopilas 28.15 
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Table D-3 (Continued) 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
1410 Cunen 4.63 
1412 Joyabaj 68.84 
1413 Nebaj 105.29 
1414 Sn Andres Sajcabaja 3.45 
1415 Sn Juan Cotzal-Uspatan 221.80 
1416 Sacapulas 1.86 
1417 Sn Bartolome Jocotenango 1.13 
1418 Canilla 5.66 
1502 Sn Miguel Chicaj 410.67 
1503 Rabinal 351.28 
1504 Cubulco 937.98 
1505 Granados 343.20 
1506 El Choi 19.45 
1507 Sn Jeronimo 74.18 
1508 Salama-Purulha 104.10 
1601 Coban 471.01 
1602 Sta Cruz Verapaz -
1603 Sn Cristobal Verapaz 121.92 
1604 Tactic 27.91 
1606 Tamahu-Tucuru 18.82 
1607 Panzos 246.09 
1608 Senahu 909.92 
1609 Sn Pedro Carch 85.47 
1610 Sn Juan Charnelco 85.97 
1611 Lanquin -
1613 Chi sec 178.99 
1614 Cahabon-Chahal 688.47 
1615 Fray Bartolome De Las Casas -
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Table D-3 (Continued) 
Potential Increase 
County County in Bean Production 
Code Name (Metric Tons) 
1801 Peurto Barrios 123.23 
1802 Livingston 178.81 
1803 El Estor 107.88 
1804 Moral es -
1805 Los Amates 718.32 
1901 Zacapa 98.67 
1902 Estanzuela -
1903 Rio Hondo 34.91 
1904 Gualan 626.73 
1905 Teculutan 1.34 
1907 Usumatlan-Cabanas 53.05 
1908 Sn Diego 156.98 
1909 La Union 80.72 
1910 Huite 19.57 
2001 Chiquimula 213.87 
2002 Sn Jose La Arada 83.51 
2003 Sn Juan Hermita 15.79 
2004 Jocotan 54.85 
2005 Camotan -
2006 Olopa 200.00 
2007 Esquipulas 123.91 
2008 Concepcion Las Minas 448.10 
2009 Quezaltenango 307.96 
2010 Sn Jacinto 173.69 
2011 Ipala 453.41 
2101 Jalapa 335.56 
2102 Sn Pedro Pi nul a 413.34 
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Table D-3 (Continued) 
Potential Increase 
County County in Corn Production 
Code Name (Metric Tons) 
2103 Sn Luis Jilotepeque 169.34 
2104 Sn Manuel Chaparron 287.64 
2105 Sn Carlos Alzatate 39.52 
2106 Monjas -
2107 Mataquescuintla 165.72 
2201 Jutaipa 152.77 
2203 El Progreso 34.47 
2203 Sta Catarina Mita -
2204 Agua Blanca 42.42 
2205 Asuncion Mita 118.06 
2207 Atescatempa 482.93 
2208 Jerez 7.76 
2209 Yupiltepeque-El Adelanto 208.40 
2210 Zapotitlan 37.09 
2211 Comapa 8.39 
2212 OaVpatagua 19.71 
2213 Conguaco 30.64 
2216 Sn Jose Acatempa 89.64 
2217 Quesada 115.94 
